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Preface 


I am delighted to present Peyronie’s Disease: A Guide to Clinical Management as the 
first text dedicated to Peyronie’s disease. As physicians, we are aware of the many 
frustrations associated with treating the man who presents with this difficult disorder. 
Much of the frustration is caused by the absence of a reliable and effective nonsurgical 
therapy and the fear that surgery may result in severe side effects, including impotence. 
In addition, the published literature has not been able to guide the treating physician 
clearly because most of the reported studies have been noncontrolled, have had a limited 
number of patients, and appear to be absent of objective measures of improvement. It is 
hoped that, as a result of attempts to establish a more internationally recognized and 
accepted evaluation protocol as well as a methodology for reporting on the outcomes 
from clinical trials, we will identify the most reasonable nonsurgical options. One thing 
that all treating physicians should remember in their consultations with men with 
Peyronie’s disease is that it can be both physically and psychologically devastating. 

Recent research in wound-healing disorders has provided models for study of 
Peyronie’s disease; this has increased our understanding of its pathophysiology. A 
variety of techniques to perform this research has emerged, including tissue analysis, 
cell culture of fibroblasts derived from Peyronie’s plaques, and animal models that 
attempt to mimic the in vivo process of tunica albuginea fibrosis while also providing 
an opportunity for manipulation with novel therapeutic options. All of these techniques 
have their limitations in terms of re-creating the true situation of the patient with 
Peyronie’s disease, but they do provide an opportunity to study and gain further 
insights into this distressing disorder. The published research over the past decade has 
been exciting, elegant, and state of the art. 

Peyronie’s Disease: A Guide to Clinical Management places us precisely at the right 
time as major developments are occurring in the research of fibrotic disorders. I hope 
we will see the fruit of this research in the near future: effective and safe treatment. For 
those who suffer with Peyronie’s disease in the meantime, this book reviews the current 
nonsurgical and surgical therapeutic options presented by recognized international 
authorities. 

There are also many misconceptions about Peyronie’s disease that need to be recti- 
fied so that the practicing physician will be able to diagnose, treat, or refer the patient 
with Peyronie’s disease more appropriately. Too many men with Peyronie’s disease 
are told that this is a rare disorder that simply will resolve with time. We now know 
from several recently conducted demographic studies that Peyronie’s disease is not a 
rare disorder; in fact, its prevalence exceeds many cancers. In addition, spontaneous 
resolution is not the norm; recent studies of its natural history suggested that fewer than 
10% of men can expect spontaneous resolution of penile deformity. Clearly, as a result 
of the sexual revolution that has occurred over the past several decades, as well as 
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improved treatment options for erectile function, many more men with Peyronie’s 
disease will likely present for evaluation and treatment. 

Peyronie’s disease is thought to be a disorder of middle-aged men and tends to occur 
most commonly in men in their 50s, but 10% of men with Peyronie’s disease in two recent 
series were under the age of 40 years. Erectile dysfunction has been reported to occur in up 
to 90% of men with Peyronie’s disease. It was previously thought that diminished rigidity 
was a result of the deformity. It is now recognized that men with Peyronie’s disease often 
have erectile dysfunction because of the same factors occurring in men without Peyronie’s 
disease, including vasculogenic and psychogenic components. 

A wide variety of nonsurgical treatments has been used since the time of de la Peyronie 
(~1740), with limited benefit. As a result, many physicians do not offer 
nonsurgical therapy, assuming the disease will stabilize with time and can then be 
surgically corrected if necessary. The chapters reviewing nonsurgical therapies make it 
clear that it is reasonable to offer some nonsurgical treatments as early as possible after 
presentation. This is because the tissue changes within the tunica albuginea are likely to be 
most active and may be best manipulated at that time. Therefore, the misconception that 
intralesional therapy, in particular, should not be offered until the disease is stable is false, 
and in the appropriate patient, intralesional therapy may be offered in combination with 
other modalities (e.g., oral agents, topical drugs, or vacuum/stretching devices). 

What should be clearly recognized by the treating physician is that, at this time, 
there is no nonsurgical cure for Peyronie’s disease. We can tell our patients that we do 
not fully understand this disease, but we can also help them understand that it is a 
wound-healing disorder that results in a scar that causes penile deformity, pain, and 
frequently sexual dysfunction. Although there is no cure, there are treatments that may 
result in physical improvement or stabilize the scarring process. It is my opinion that 
there are medical treatments that make scientific sense and offer reasonable hope of 
making the patient more functional, which is better than offering no hope and no 
therapy. Unfortunately, a nihilistic, hands-off attitude prevails among many physicians, 
which leaves patients seeking answers elsewhere, like the Internet, which encourages 
them to use many empirical, completely untested, alternative remedies. 

For those with more advanced disease, there are surgical options to correct the 
deformity in an effort to make the patients functional again. I strongly believe that a 
detailed discussion with the patient is needed before instituting any invasive therapy. 
The goal is to establish reasonable expectations for outcome as an informed patient is 
more apt to be satisfied with the treatment results once he understands the limits of the 
treatment. Specifically, no current therapy, including surgery, will reliably return the 
penis affected by Peyronie’s disease back to its pre-Peyronie’s state. 

An exciting compliment to this textbook is the DVD surgical library. Many of the 
world’s experts in surgery of Peyronie’s disease have contributed written chapters that 
are further detailed in the DVD library. This will provide an opportunity to review how 
the expert performs an operation, with tips on patient selection and the surgical 
approach for the procedure. 
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The hope of the contributing authors is that Peyronie’s Disease: A Guide to Clinical 
Management will provide an up-to-date summary of the etiology, natural history, and 
pathophysiology of this disease as well as present a review of the available medical and 
surgical treatment options. 
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1 Historical Review of Peyronie’s Disease 


de la Peyronie to Devine 


Emre Akkus, MD 


SUMMARY 


Francois Gigot de la Peyronie, the famous French general surgeon, is very well 
known among urologists regarding the disease called by his name: Peyronie’s disease. 
Because his father was also a surgeon, he followed his family tradition and became a 
doctor. He had gained most of his surgical skills during the civil wars in the 16th 
century. His academic career in Francewas outstanding. Hewasoneof thetwo founders 
of the Royal Academy of Surgery. He was also the First Surgeon to King Louis XV. 
Even though he was a great surgeon and university professor, his legacy consists only 
of numerous case reports and not even one comprehensive textbook. H owever, his paper 
on induratio penis plastica attached his name and credit to the disease, and since then 
ithas been called Peyronie’s disease. This chapter consists of the history of the disease, 
starting with early assumptions of its pathophysiology and treatment up to the current 
knowledge, which still has dilemmas. 


Key Words: History; penile curvature; Peyronie’s disease. 


Thefamous French surgeon Francois Gigot dela Peyronieis known as the man whose 
namehas been credited with the discovery of Peyronie's disease (Fig. 1). Despite the fact 
that hewas not thefirst to describe the condition, his name has become synonymous with 
this rather enigmatic, although not uncommon, disease. A ccording to the French lan- 
guage, his name (actually last name) should be written as la Peyronie; hence, he signed 
his name as la Peyronie. But in Anglo-Saxon literature, by mistake or corruption, the 
name of the disease is called and remains Peyronie’s disease. Today, Peyronie’s disease 
is known as the accumulation of collagens at and onto the tunica albuginea of the penis, 
resulting in induration, nodule (plaque), penile curvature, painful erections, and erectile 
dysfunction. 


LIFE OF DE LA PEYRONIE 
La Peyronie was born in M ontpellier in 1678 (1). His father, Raymond, was a local 
barber surgeon. His mother, Elizabeth, was deeply religious; therefore, he received a 
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Fig. LF rancois dela Peyronie. 


strict} esuit education. La Peyronie, which literally means “little stone” had followed his 
father’s tradition of surgery and obtained his license at the city hospital in 1693. Then, 
he moved to Paris to advance his training with Georges M areschal, who was the head 
surgeon of Charite H ospital and the “sun king.” He developed and improved his surgical 
skills significantly under Georges M areschal’s mentorship and friendship. During that 
time, there was great animosity in Europe, particularly in France, among the barber sur- 
geons, the surgeons, and the university-trained physicians. 

When he returned to his hometown of M ontpellier in 1700, he became the head sur- 
geon at St. Eloi Hospital. He had continued to develop his surgical skills and engaged 
in teaching, which brought him the chair of the anatomy and surgery clinics at the uni- 
versity. In 1702, he was the commander of the medical corps in the military of Louis XIV. 
He had participated in the war against the peasants and guerrillas north of M ontpellier; 
during the war, he had extended his talent and skills at abdominal-bowel surgery. H e had 
evolved and developed the end-to-end anastomosis of enterostomy from the war and 
battlefield conditions (2). 

His reputation and good relationship with physicians and nonmedical academic depart- 
ments helped him to build bridges among them, which resulted in the foundation of the 
Academy of the Sciences of M ontpellier in 1706. In 1715, he returned to Paris for amore 
lucrative career. He became very famous, and he treated the kings of Poland and Prussia. 
He founded the Royal Academy of Surgery in 1731 with his former teacher Georges 
Marechal. HebecametheF irstSurgeon to Louis XV after thedeath of Georges M arechal. 
He had persuaded the king to acknowledge the tuition given by Ecole de Chirurgie (3). 
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318 SUR L’EVACULATION — 
SEL ERTL LELE PEELS 


MEMOIRE 


Sur quelques obftacles qui Soppofent a 
Vejacnlation naturelle de la 
femence s 


Par M. DELA PEYRONIE. 


E vice d'¢jaculation dont nous al- 
lons parler , eft de deuxefpéces: l'un 
confifte dans un dérangement des vaif- 
feaux éjaculateires , qui ordinairement 
elt irréparable , l'autre dépend de tu- 
mcurs ou de duretés qui fe forment dans 
les corps caverneux , & quiaffoibliffent 
& empêchent l'action des organes defti- 
nés à chaffer la femence. Ces tumeurs 
font trés-difficiles a détruire ; les remé- 
des les plus puiflans qu'on employe or- 
dinairement contre les tumeurs dures , 
ne produifent prefque jamais aucun cf 

fer fur celles-ci. 
z.ontayv. Un homme de trente ans , qui s'étoit 
par Panut marie étantà l'âge de vingt-fix ans, avoit 
Heie de cu de fa femme, plus jeune que lui de 
taea gee deux ans , trots enfans dansle cours de 
sis eae Quatre années de mariage’; il prit alors 
sotib d'une autre femme une gonorrhée qui fue 


Fig. 2. Original paper of dela Peyronie. 


This led to the liberation of the medical school of the university, and in 1743 surgeons 
in France finally were acknowledged as doctors. 

Francois de la Peyronie died childless in Versailles in 1747, leaving behind a great 
library and immense estate to be used as scholarship. E ven though he was a great surgeon 
and university professor, his legacy consists only of numerous case reports and not even 
one comprehensive textbook. However, his paper on induratio penis plastica (IPP) in the 
proceedings of the Royal Academy of Surgery (4) made his name labeled and credited 
with the disease and since then it is called as Peyronie’s Disease. 


LA PEYRONIE’S DISEASE 


“Sur quelques obstacles qui s'opposent al’ ejaculation naturelle de la semence” is the 
original paper published in M emoire de Academic Royale de Chir in 1743 (Fig. 2). The 
English translation of the topic of his paper is “On Impaired Ejaculation. Dissertation 
on Some Obstacles to the N atural Ejaculation of the Semen.” The description of IPP and 
his findings on those cases were as follows: 


The flexibility and elasticity of the ducts, the cells, and the fibers that form a part of the 
cavernous bodies, are another requirement for the ejaculation. The description of all 
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these muscles, and the mechanisms of their movements and action, belong to the ani- 
mal economy, and are not the subject of this dissertation. We must only notice that these 
singular organs are subjectto hard tumours which look like knots or ganglions, spread- 
ing sometimes in rosary beads from one end to another of these cavernous bodies. When 
it happens, the penisis notstraight under erection, butitis full of knobs, which are bend- 
ing and disfiguring it; if the erection is very hard, it is sometimes painful...1 thought 
that this indurations could be venereal, or even, if they were not, could be well treated 
by mercury, a strong medicine in which | had more confidence than it deserved...His 
health which was somewhat impaired by the remedy was totally restored within 2 months; 
buttheindurations of the penisremained as before, and even worse. | saw a greatnumber 
of people who had some of these indurations in different parts of the cavernous bodies... 
If one of the indurations of the cavernous bodies is situated close to the middle of the 
right cavernous body, the penis instead of being straight will make a curvature to the 
right; if the induration is situated to the left, the curvature will be on the same side of 
the induration. 


The bend is always on the side where the illness is; and this is probably the reason: the 
erection depends on the dilatation or on the swelling of the cavernous body cells. If they 
swell equally one of the two cavernous bodies does not dominate the other, they com- 
pete equally in the same action and the erection will be straight. Butif an induration 
or a drying in one portion of the cavernous bodies prevent the dilatation of the cells 
of this portion, the cavernous body will be constricted, hard and dry in this portion; a 
ingression will take place, becoming the center of the curvature. This illness which is 
notrareamong elderly men, particularly among those sexually very active, is sometimes 
also the result of the venereal disease. | saw a great number of persons, who in conjunc- 
tion with syphilitic symptoms, had as well this kind of indurations. 


La Peyronie had used mercurial rubs to treat the venereal disease, but these did not 
work for the penile indurations. Then, he suggested bathing in the holy waters of B aréges 
(spa therapy), which consequently worked and healed the indurations: 


While the patient healed from his old injury, thanks to the waters, he took the shower 
over the induration, and observed that during a season of water treatment the indura- 
tion decreased considerably. The first sign of success induced the patient to continue 
the same treatment. Repeated showers for one more season, completed the softening 
of this induration, the erections regained their old shape, and the semen its normal 
ejaculation. 


However, the description of this unpleasant disease goes back to Theoderic of B olo- 
gnain the 13th century (5). Wilhelm from Salieto in 1476 (6), Gabriele Fallopio in 1561 
(7), Andreas Vesal in 1543 (8), Arantius in 1579 (9), and Nicolaas T ulpius in 1641 (10) 
described similar symptoms. The first illustration of the penile curvature caused by to 
IPP on a cadaver was demonstrated by Dutch anatomist Fredrik Ruyschin 1691 (11). His 
article was actually on tubercules of the penis. These tubercules were hard, heavy, and 
stable during penile distension. In the U nited States, the disease was named Van B uren’ s 
disease in 1874 in the honor of one of its two investigators (12). 

The etiology of la Peyronie’s disease is still debatable and controversial. Assumptions 
or hypotheses go back to Emperor Heraclius, who had penile deformity and had been 
accused of having incestuous relations (13). In the 19th century French investigators’ 
Opinions and in 1942 Wesson’s opinion were that the etiology of the disease was in a 
patient's sexual history (14). The theory of middle-aged people’s prolonged ungratified 


Chapter 1 / Historical Review 5 


sexual desires or violation of natural relations was thought to be the causative factor. 
This theory was concomitant to the partners’ frigidity after the 40s because of meno- 
pause, which overlapped with the onset of la Peyronie’s disease (15). Forceful or vig- 
orous penetration caused by annoying resistance of the partner was another theoretical 
opinion about the etiology (12). Dorsal localization of the disease was related to the fact 
that this area was mostly subjected to mechanical strain during sexual intercourse (16). 

Like la Peyronie, other authors have also associated the disease with infections like 
gonorrhea and syphilis (17,18). Relevance of Dupuytren’ s contracture was first reported 
in 1828 by Abernethy (18). Dupuytren’s contracture is a familial and genetic disorder 
known to be transmitted in an autosomal dominant pattern. That is why the theory of 
genetics was based in the etiology of Peyronie’s disease. Vascular access in severe war- 
time wounds and injuries necessitated transfusion through the penis. M any of thosemen 
later developed Peyronie's disease (19). Infections of corpora cavernosa and inflamma- 
tion were also considered the cause of the disease, especially in young men (20). Diabetes 
and gout were also considered to be involved in the etiology. There were also reports 
against this idea (21). Vasculogenic effect and etiology were first reported by Weidoff 
in 1921 and were supportive of others that it happened to be the consequence of the 
atherosclerosis (22). 

However, since its first description little progress has been made in discovering the 
cause of this well-recognized disease, and the cause still remains obscure. Today, several 
hypotheses have been proposed to explain the etiology and pathophysiology of thefibro- 
sis and plaque formation in laPeyronie’s disease. T hese theories include vitamin E defi- 
ciency, microvascular traumas, genetics, autoimmune factors, excess production of fibro- 
genic cytokines, and cytogenetic aberrations. D evine et al. proposed trauma as the cause 
of the Peyronie’s lesions (23,24). Changes at the microscopic anatomy of the tunica 
albuginea caused by aging or trauma have also been shown to be relevant for the etiology 
of the disease (25,26). Currently, the pathogenesis of la Peyronie’s disease appears to 
be multifactorial, with the interplay of genetic predisposition, trauma, and tissue ische- 
mia, and yet has not been fully elucidated. 

The history of epidemiological data on la Peyronie’s disease is also inconsistent. The 
first reported data were published by Polkey in 1928 and consisted of 550 cases (27). In 
1966, an Italian publication reported 3600 cases (28). Ludvik and Wasserburger in 1968 
reported a prevalence rate of 0.3-0.7% in a private clinic (29). Lindsday et al.’s study in 
Minnesota revealed a 0.38% prevalenceratein 1991 (30). Devine’sresult was 1% for those 
between 30 and 65 years of age (31). The prevalence rate has been accepted to reach 7% 
in recent years. 

The historical perspective of the treatment of la Peyronie's disease goes back to the 
treatment suggested by la Peyronie. Bathing in the holy waters of B aréges was the first 
suggested treatment (4). Since then, substances such as mercury and mineral water, 
potassium iodide, bromides and hyperthermia, sulfur, copper sulfate, salicylates, estro- 
gens, thiosinamin, acidification with disodium phosphate, arsenic, fibrinolysin, and milk 
have been suggested as oral or topical agents for la Peyronie’ s disease (27). Of particular 
historical note is the early success of procarbazine (Natulan), a cytotoxic alkylating 
agent used in the treatment of H odgkin’s disease, which resulted with significantimprove- 
ment of the accompanying Dupuytren’s contracture (32). However, later reports of azo- 
ospermia caused by the therapy led investigators to quit such therapy for la Peyronie’s 
disease (33). Vitamin E has been used as an antioxidant as a treatment modality since 
1946 (34). Response rates to vitamin E therapy were between 0 and 70% between 1952 
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and 1982. Devine and Horton reported resolution of plaques (20%) and penile curvate 
(33%) with vitamine E therapy (35). However, with additional follow-up subsequently 
they reported that, although 99% of the cases experienced a decrease in pain, 70% noted 
no objective improvement. 

Potaba® (potassium paraaminobenzoate) was introduced in 1959 by Zarafonetis and 
H orax (36). I ntralesional injections to the plaques had been tried since 1901, when Walsham 
and Spencer injected mercury and iodide (37). Intralesional steroids were first admin- 
istered in 1954 by Teasley (38). Further reports were published by Bodner et al. in 1954 
(39) concerning the use of intralesional cortisoneand hydrocortisone. W inter and K hanna 
published their results on the use of mechanically aided injection of dexamethasone in 
1975 (40). In 1980, Williams and Gren described the use of intralesional triamcinolone, 
along-acting glucocorticoid with low solubility (41), which later was also shown to bene- 
fit Dupuytren’ s contracture and hypertrophic scars (42). |ntralesional collagenase, para- 
thyroid hormone, orgotein were also studied in the treatment of the disease (43). Recent 
intralesional treatments consist of verapamil and interferon as potential therapeutic 
alternatives. 

Theinsertion of radium seeds into the Peyronie’s plaques was reported to be success- 
ful by K umer in 1922 (44). Later results demonstrated that it was useless and might have 
detrimental effects on the penis, and radium treatment was withdrawn. 

Diathermy was used as local heat in 1926 by Corbus to treat the plaques. In 1960, the 
histamine iontophoresis technique was introduced with limited success (45). Ultraviolet 
light therapy was another trial in the treatment of the plaques in 1957. However, such 
therapy never gained popularity and had very limited success (46). In contrast, ultra- 
sonographic treatment has gained some popularity with the addition of extracorporeal 
shock wavelithotripsy. Thisis probably with the encouragement of the first introduction 
by Heslop et al. in 1967 (47). 

The history of surgical treatment goes back to the 19th century. The technique was 
simple excision of the plaques (48). In 1926, Y oung and Davis developed the procedure 
of freeing the plaque and suturing it to the undersurface of the penile skin (49). In 1950, 
Lowsley and Boyce added fat graft to the excised area of the plaque (50). Nesbitin 1965 
described elliptical excisions of the tunica albuginea and a plication technique, which was 
then popularized and still is performed (51). This technique has been accepted as giving 
the best results and is the method of choice for most men (52). On the other hand, plaque 
excision was generally unsuccessful until a dermal graft replacement of the tunica albu- 
ginea was described by Bystrom etal. in 1972 (53). Finally, Devine and H orton reported 
that, despite satisfactory early results, longer term results were unsuccessful and disap- 
pointing (54). Therefore, after the 1990s Peyronie’s plaque surgical excision currently 
has been replaced by incision and grafting methods (55). 


CONCLUSION 


Despite several theories for the etiology of la Peyronie’ s disease, itis still an enigma. 
Weare probably getting closer to its real-life etiological factors with the advancement 
of diagnostic technology and understanding the basics of genetics and cell pathophysiol- 
ogy. Notonly the etiology and pathophysiology but also the treatment modalities are still 
controversial and debatable. Today and the future are the reflection of history. Perhaps 
one or some of the theories and treatment alternatives may be modified and will be pre- 
sented in the near future as the real etiology and treatment of the disease. M aybe some- 
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day in the near future we will again try the holy waters of B aréges in the treatment of the 
disease. W hat is real today is the real prevalence of the disease is higher than what we 
knew before, the treatment of the disease is still not specifically proven, and surgical 
treatment is not treatment of the disease but of the curvature or accompanying erectile 
dysfunction. With the warnings of the investigators and French colleagues, the name of 
the disease should be pronounced as la Peyronie’s disease and not Peyronie’s disease. 
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2 Epidemiology of Peyronie’s Disease 


Ates Kadioglu, mD and Oner Sanli, MD 


SUMMARY 


Epidemiological studies of Peyronie's disease (PD) reported the prevalence of this 
condition as much higher than once thought, highlighting the potential physical and psy- 
chosocial impact of the disease on society. F or this reason, knowledge of the epidemiol- 
ogy of PD isimportant for allocating and managing health care resources and assessing 
intervention strategies. T he true prevalence of PD is unknown; itis estimated as between 
3.7% and 7.1%, but the actual prevalence of this disease may be higher because of patients’ 
reluctance to report this embarrassing condition to their physicians for cultural and 
psychological reasons. Several risk factors, such as hypertension, diabetes, hyperli pide- 
mia, and smoking, have been suggested. T he estimated prevalence of PD at younger ages 
is around 8% and shows amore acute onset and a lower incidence of associated erectile 
dysfunction. This chapter reviews the contemporary state of knowledge of the epidemi- 
ology of PD. 


Key Words: Epidemiology; penis; Peyronie’s disease; prevalence; risk factors. 


Peyronie's disease (PD) is an acquired disorder of the tunica albuginea characterized 
by the formation of the plaque of fibrous tissue that may be associated with erectile dys- 
function (ED) and pain on erection. There may be difficulty of penetration as a result of 
the curvature, and the condition may be accompanied by some impairment of erectile 
capacity (1). 

Although the “nodus penis” had been described centuries before, F rançoisdela Peyronie 
described the disease that bears his name in 1743 (2). He considered chronic irritation 
through sexual abuse as well as sexually transmitted disease to be causative factors. 
Despite the negative impact of PD on patient quality of life, neither the etiological factors 
of the disease nor the exact pathophysiological mechanisms are clearly understood. One 
of the causes of the poor understanding of the disease is the lack of definite epidemio- 
logical data. 

Epidemiology deals with the distribution and determinants of health-related states 
or events in specified populations, and the application of this study is to control health 
problems (3). Briefly, epidemiology deals with frequency and nature of diseases and 
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identification of risk factors. Epidemiology may be considered as minor to physical sci- 
ences because it does not investigate the biological mechanism leading from exposure 
to disease. But, without epidemiological data, the extent of a disease in a community 
cannot be determined, and the etiology or cause of a disease and the risk factors cannot 
be identified. Also, data obtained from epidemiological studies are vital for allocating 
and managing health care resources and assessing intervention strategies. 

This work reviews the contemporary state of knowledge of the epidemiology of PD. 
Studies used in the context of the chapter were identified using aPubM ed search on A pril 
1, 2005, for “Peyronie's disease” for all available years in modern literature. The selected 
articles were all in peer-reviewed journals and in the English literature. Basically, the 
studies performed on the epidemiology of PD were divided into cross-sectional studies 
or case series. A study was considered cross sectional if all cases of PD in adefined pop- 
ulation werereported (4). On the other hand, a study was considered as a case series when 
the size of the population from which cases were drawn was not known. This search 
revealed a number of cross-sectional studies undertaken to quantify the incidence and 
prevalence of PD. Incidence is defined as the number of new cases with a certain condi- 
tion during a specific time period in relation to the size of the population studied (4). 
Prevalence characterizes the proportion of a given population that at a given time has 
the condition. 

Thenegativeimpact of PD on patient quality of lifeissignificant.A questionnaire based 
study done by Gelbard et al. demonstrated that 77% of patients with PD complained of 
“physiological effects” of this condition (5). For this reason, defining the prevalence of 
this disease is important. H owever, in the case of PD, the incidence and prevalence are 
usually measured using different instruments, such as the definition of PD (curvature vs 
plaque) or the means of detection (questionnaire vs examination) (1). M oreover, in the 
literature, epidemiological studies conducted in a multinational fashion using large pool 
data are still lacking. 


CROSS-SECTIONAL STUDIES 


Cross-sectional studies provide descriptive data on prevalence of diseases useful for 
health care planning. To our Knowledge, there are only two population-based epidemio- 
logical cross-sectional studies that addressed the prevalence of PD; these studies were 
from the United States and Germany. The report by Lindsay etal. provided the first cross- 
sectional study giving the incidence and prevalence rates on PD (6). Their study was 
carried outin Rochester, M innesota, using the M ayo Clinic’ s centralized medical records 
linkagesystem. A search of theindexing system for diagnoses of PD was assessed. T hey 
calculated the age-adjusted incidence rate of 25.7 per 100,000 population per year, and 
the prevalence rate was 388.8 per 100,000 (0.39%) population. They estimated that 
approx 423,000 men inthe U nited States had PD at that time; thus, there should be 32,000 
new cases annually. M oreover, the authors calculated thatthe diagnosis rates per 100,000 
increased from 13.6 to 24.6 during a 35-yr period, for an average increase of 3.3% per 
year. M ean patient age at diagnosis was 53 yr (range 19-83 yr). The highest incidence 
(66%) was reported for the 50- to 59-yr age group. The prevalence of PD was 4.3, 4.6, 
30.2, 46.3, 7.8, and 19.1% for men 20-29, 30-39, 40-49, 60-69, 70-79, and greater than 
80 yr old, respectively (Table 1). Also, they noted that rheumatoid arthritis (7.9%) and 
hypertension (16.8%) were more common comorbid diseases among the patients with 
PD compared to the Rochester population. 
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Table 1 
Incidence or Prevalence of Peyronie’s Disease According to Age 
Cross-sectional Age (yr) 
studies Overall <40 40-49 50-59 60-69 >70 
Lindsay et al. (6) 0.39 0.089% 30.28 66.04 46.34 7.8? 
Sommer et al. (7) 3.2 4.5 3.0 3.0 4.0 6.5 
Case series 
Rhoden et al. (14) 3.67 NR NR 3.19 4,49» 3.81? 
Mulhall et al. (15) 8.9 — 2.8 8.6 9.7 10.9 
La Pera et al. (16) 7.1 NR NR 5 (50-54 yr) 7.6 (60-64 yr) NR 
5.9 (55-59 yr) 9.1 (65-69 yr) 
Kadioglu etal. (27,33) 1 9.4 20.5 44.2 23.4 2.28 


NR, not reported. 
Incidence rates per 100,000 population for PD by age groups at diagnosis. 
‘Number of men examined stratified by age with Peyronie's plaques. 


The German study performed by Sommer etal. provided the first prevalence rates for 
PD in across-sectional study in Europe (7). The study was a validated questionnaire 
survey of 8000 men 30-80 yr oldin greater Cologne; and 142 (3.2%) of 4432 men who 
responded to questionnaire reported palpable plaque in the penis. The prevalence of the 
disease was 1.5, 3.0, 4.0, and 6.5% for men 30-39, 40-59, 60-69, and greater than 70 
yr old, respectively. They found a statistically significant relationship between diabetes 
mellitus (DM ) (18.3 vs 6.0%) and therapy with B-blockers (22.5 vs 14.2%). However, 
they found no association of PD with other comorbid diseases such as heart insufficiency 
and atherosclerosis, hernia, history of other drug therapies and any other operations, 
lower urinary tract symptoms, pelvic surgery, drinking alcohol, and smoking. 


CASE SERIES 


From theaspect of the case series, the epidemiological dataonPD are variable. Polkey 
reported on 550 case reports up to 1928, and an Italian publication, published in 1966, 
described 3600 affected patients (7-9). In 1968, Ludvik and Wasserburger established 
arate of 0.3-0.7% in all male patients seen in oneurological practice(10). During the same 
time period, Smith reviewed 100 consecutive autopsies of patients who had no history 
of symptoms of PD. In 23, there was histological evidence of fibrosis in the subtunical 
sheath, but no involvement of the corpus spongiosum was reported (11). In 1989, 
Vorstman and Lockhart described a prevalence of 3 in 300 (1.0%) occurring within a 
given medical school faculty (12). In one of the first studies on the natural history of PD, 
Gelbard etal. noted that the prevalence of PD atthe Wadsworth Veterans A dministration 
Hospital in L os A ngeles was greater than 10 times the prevalence of renal cell carcinoma 
in the same population (5). M eanwhile, Devine reported on two separate populations of 
male physicians, with 1% prevalence of asymptomatic PD, which was widely accepted 
as the prevalence of PD until recent data (13). 

Since 1995, great effort has been made to understand the pathophysiology and treat- 
ment of PD by urologists. One of the consequences of this effort is the constitution of 
large series by the centers of excellenceonPD.Likethe historical case series, data based 
on case series published since 1995 contributed a number of advances and scientific under- 
standing about its epidemiology and pathophysiology. 
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In one of these studies, R hoden etal. aimed to ascertain the prevalence of PD in a male 
population over 50 yr old who originated from southern Brazil and attended a prostate 
cancer screening program (14). In addition to the prostate digital examination, all patients 
were examined for the presence of a palpable plaque with extension of the penis. Of 954 
men, 35 individuals were found to have palpable plaque that had not been previously diag- 
nosed. The prevalence of PD in this group of patients was 3.67%. The mean age in this 
population was 60.7 yr. Thedistribution of patients in accordance to the age of men showed 
that 3.19% of these were between the ages of 50 and 59 yr, 4.49% were aged 60-69 yr, 
3.81% were aged 70-79 yr, and 0% were over 80 yr. 

With a similar study design to that of Rhoden et al., M ulhall et al. made an analysis 
of the prevalence of PD ina population of men presenting for prostate cancer screening 
(15). Of 534 men, 48 patients were found to have a palpable penile plaque on physical 
examination, for a prevalence rate of 8.9%. The mean age of men with PD was 68.2 yr 
compared with a mean 61.8 yr in men without PD. The prevalence of PD based on age 
groups in decades was 2.8% for those 40- 49 yr, 8.6% for patients 50-59 yr, 9.7% for those 
60-69 yr, 10.9% for those 70-79 yr. In this series, specifically the prevalence of hy per- 
tension (43.8 vs 27.7%) and DM (25 vs 11.4%) was significantly increased in patients 
with PD. Coronary artery disease (10.4 vs 8.5%) and hyperlipidemia (33.3 vs 27.1%) were 
morecommoninPD cases but did notattain statistical significance. Dupuytren’s contrac- 
ture was also found more frequently in patients with PD (8.3 vs 0%). On the other hand, 
smoking was significantly less common in patients with PD. 

In another study, La Pera et al., from Italy, evaluated the results of a questionnaire 
administered by an andrologist at each of 10 centers throughout the country in men aged 
50-69 yr(16). Their cohort of men revealed a prevalence of 7.1% for PD . The prevalence 
of the disease varied in different age groups, with a higher prevalence in older men. It 
was 5% at 50-54 yr compared to 9.1% at 65-69 yr. In addition, the prevalence of the 
disease at 55-59 yr and 60-64 yr was 5.9 and 7.8%, respectively. Further analysis of the 
study revealed that the probability for smokers developing PD was 4.6 times higher than 
for nonsmokers. The authors also detected a significant correlation in the subjects who 
had smoked 10,000 packs during their life, which is equal to a pack per day for 28 yr. 
However, statistical analysis did not reveal any significant correlation between PD and 
cardiovascular diseases, DM, drugs or alcohol. 


RACIAL DIFFERENCES 
IN THE EPIDEMIOLOGY OF PEYRONIE’S DISEASE 


Thereare only afew studies giving dataon theracial differencesinPD.Inoneof these, 
Shaw etal. retrospectively reviewed data from three hospitals in N ew Orleans from 1994 
to 2000 (17). The racial distribution for PD was as follows: 77.6% Caucasian, 9.4% 
African American, and 2.9% Hispanic. In the Brazilian study conducted by Rhoden et 
al., 88.6% of patients diagnosed as having PD were Caucasian, and 11.4% wereA frican 
American (14). 


NATURAL HISTORY OF PEYRONIE’S DISEASE 


PD has been previously characterized as a process of gradual spontaneous resolution 
(18). In one of the first studies on PD including patients with PD for a duration of 1-5 
yr, Gelbard et al. reported that 13% of the patients with PD will gradually resolve, 47% 
will remain stable, and 40% will worsen (5). Certain features that predispose against 
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spontaneous resolution include PD greater than 2-yr duration at presentation, presence 
of Dupuytren’s contractures, plaque calcification, and curvature greater than 45°. 

We observed the natural course of PD in 63 (20.5%) of 307 patients presenting with 
acute disease for a duration of 5.8 mo and received no treatment (19). In this series, 30.2% 
of the patients reported progression of the deformity, and 66.7% had stable disease after 
a mean follow-up of 8.4 mo without any treatment. Complete spontaneous resolution of 
the penile deformity was observed only in 2 casesin this group. Inthe chronic phase, which 
begins when disease duration is greater than 12 mo, the deformity does not change dur- 
ing this stable period. 

Laniaet al. investigated the natural history of PD inatotal of 125 patients maintaining 
sexual activity and not requiring surgical treatment (20). They were followed for at least 
5 yr without any treatment. R egarding curvature and number and size of fibrotic nodules, 
the authors observed a consistent tendency to stabilize in the group of patients older than 
50 yr compared with the patients younger than 50 yr. The percentage of patients who 
needed surgery for PD was 68 and 31.5% for the former and latter group of patients, 
respectively. The authors concluded that patients diagnosed before the age of 50 yr have 
a greater chance that the disease will worsen and require a surgical approach. 


PEYRONIE’S DISEASE IN YOUNGER MALES 


Inthe literature, patients with PD are represented by a wideage range, between 20 and 
84 yr, with the youngest affected male reported at 19 yr (6,13,21). On the other hand, it 
is generally observed that PD usually affects male individuals between 40 and 70 (87%) 
yr (6). The classical image of the patient with PD is aman typically presenting in his 50s 
and 60s with compromised sexual function caused by penile deformity and, not infre- 
quently, diminished rigidity. However, in studies that give the prevalence rate of PD, 
mostly men under 50 yr were not taken into consideration because of the much lower 
prevalence of PD. 

In their large community-based study, Lindsay et al. calculated the prevalence rate of 
patients with PD between 20 and 29 yr and between 30 and 39 yr as 4.3 per 100,000 
(0.043%) and 4.6 per 100,000 (0.046%) population, respectively (6). In this study, the 
percentage of patients with PD who were under 40 yr among all patients was 9.9%. In 
the study by Sommers et al. that used a mailed questionnaire, only 1.5% of the group 
between 30 and 39 yr noticed induration on the penis (7). 

In our experience, it was reported that the prevalence of patients with PD who pre- 
sented under age 40 yr is 8.2%, which is similar to the report by Lindsay et al. Of these 
younger patients, 78.9% presented during the acute phase of the disease, and pain on 
erection was a part of presenting symptom complex in 52.6% (21). The majority (84%) 
had a degree of penile curvature less than 60°. Dorsal penile curvature was the most com- 
mon type of deformity and was observed in 42% (8) of patients, whereas lateral curva- 
ture was observed in 36.8% (7) of the patients. ED was present in 21% of these patients. 
After a minimum 2-yr follow-up, improvement in penile deformity was observed in 
36.8%, and 42.1% had stable disease; 21% experienced deterioration of penile curva- 
ture. The authors concluded that, despite the low prevalence of ED in patients with PD, 
the onset of PD is clinically more active and acute in patients presenting under age 40 
yr, and this should encourage the clinician to treat these individuals more vigorously. 

In another study, Levine etal. aimed to characterize disease presentation, symptoma- 
tology, natural history, and results of therapy in their institution (22). The prevalence of 
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PD in men younger than 40 was calculated as 4.8% (30 of 626). The mean age at pres- 
entation in this group was 31 yr, and the most common complaints were penile pain and 
palpable nodule. There were 57% of the men who believed it was caused by a specific 
traumatic event, and 97% of the patients were able to achieve full erection with the 
deformity. On physical examination, all patients presented with a palpable penile plaque, 
and the mean curvature of the erect penis was 21°. 

Overall, the characteristics of patients with PD who were mentioned in studies per- 
formed by our group and Levine et al. at younger ages are as follows: palpable plaque, 
significant pain, less-severe curvature, good quality of erections, and ability to have 
intercourse. Levine et al. (22) further discussed the main difference of patients with PD 
younger than 40 yr in comparison with a typical patient with PD by reviewing literature 
information for morethan 1500 patients. T hey detected that there was a difference in the 
direction of the curvature; 41 and 81% of the younger men reported dorsal and lateral 
curvature, respectively, whereas the literature review of a patient classical PD yielded 
77% dorsal and 20% lateral curvature. They mentioned that the clinical significance of 
this is not clearly understood. On the other hand, all the younger males presented with 
a palpable nodule, whereas in only 67% of typical patients was a plaque identified. Finally, 
a midshaft plaque was found in 20% of younger men, whereas this finding was reported 
in 42% of the reviewed patients. T hese may be because of a different mechanism of injury 
leading to amore accelerated or robust scar formation responsein younger males (22,23). 

A third group investigated the clinical presentation of PD with 20 patients under 40 yr 
compared with 28 patients over 40 yr (24). They reported that the difference between IIE F 
domain scores and subjective reduction of penile length was significant between the two 
groups. Also, they noted the only significant risk factor for PD was hypercholesterol e- 
mia. Overall, they confirmed the conclusions obtained from the studies by our group and 
Levine etal. that PD in younger patients shows amore acute onset and a lower incidence 
of associated ED. 


COMORBID DISEASES IN RETROSPECTIVE COHORTS 


The exact etiology of PD isstill unknown, but current research suggests that PD repre- 
sents alocalized aberration of the wound-healing process (25). Theimpact of systemic dis- 
orders such as DM, hypercholesterolemia, hyperlipidemia, and hypertension has been 
hypothesized to have a role in the pathogenesis of PD. 

Inoneof the first studies for this issue, Carrieri et al. investigated the role of risk factors 
in a case-control study consisting of 134 men with PD and 134 age-related male controls 
(26). Patients who underwent invasive procedures on the penis (i.e., urethral catheter- 
ization, cystoscopy transurethral prostatectomy) had 16.1-fold (13% of cases and 1% of 
controls) increased risk for PD; nearly a three-fold increase was observed among patients 
who had genital or perineal trauma. A history of urethritis (3.1-fold), uricacidemia (5.4- 
fold), and lipoma (5.2-fold) was also significantly associated with an increased risk of 
PD. Among cases, 20% were affected by Dupuytren’s contracture, and 4% reported a 
family history of PD; none of the controls reported such conditions. Furthermore, a 
familial history of gout was more common among cases than among controls. Interest- 
ingly, no associations with risk of PD werenoted with ahistory of diabetes and hyperten- 
sion. In addition, this was the only study that interviewed both cases and controls on the 
past diseases of the genital tract of the female partner. T he results of this survey revealed 
that inflammatory (3.7-fold) and fibromatous lesions (2.5-fold) or surgical intervention 
in the genital tract of the partner were more common by the cases. 
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Usta et al. evaluated the impact of risk factors on the severity of penile deformity in 
a total of 469 patients (27). In their series, the most frequently documented comorbid 
conditions in association with PD were hypertension in 27.3% (128) of cases; smoking 
in 25.5% (120); hypercholesterolemia in 18.3% (86); DM in 17.2%, with 2.1% (10) of 
those with type 1 and 15.1% (71) of those with type 2; hyperlipidemiain 15.7% (74); his- 
tory of penile trauma in 13.2% (62); previous pelvic surgery in 1% (5); and a urethral 
catheterization in 0.08% (4). Of these patients with PD, 68% had at least one of these 
comorbidities (T able2). Also, 31.7, 16.4, and 19.6% of patients had one to three comor- 
bidities, respectively. Statistical analysis of the study revealed no positive linear trend 
between individual comorbidities and the severity of the penile deformity. 

Inour experience, atleast onerisk factor for systemic vascular disease, with hyperchol- 
esterolemia the most common, was identified in 67.5% of 307 patients (19). A positive 
family history was obtained in 3 (0.01%) of thecases. A detailed questionnaire revealed 
history of penile trauma during sexual intercourse in 26 (8.5%) men and a history of 
urethritis related to sexually transmitted diseases in 8 (2.6%). In this series, 13 (4.2%) 
patients had ahistory of pelvic surgery such as transurethral prostatectomy in 8 (2.6%), 
Open prostatectomy in 3 (0.9%), and radical retropubic prostatectomy in 2 (0.6%); 5 
(1.6%) patients had transurethral manipulation or catheterization. 

Inthe update of this series, 484 patients were retrospectively evaluated in terms of risk 
factors for systemic vascular diseases and ischemic heart disease to assess the impact of 
these risk factors on the severity of penile deformity (28). Of 484 patients, systemic vas- 
cular disease such as hypercholesterol emia (35.1% ) was the most common, followed by 
DM (28.3%), hypertriglyceridemia (21.1%), and hypertension (16.7%); ischemic heart 
disease (9.1%). The comorbidities were identified in 62.4% (302) of the patients. Of the 
patients with severe deformity (>60°), 82.4% had at least one of these risk factors. In 
patients with deformity less than 30°, no risk factor was detected in 40.2% of the patients. 
The authors concluded the impact of risk factors on the severity of penile deformity is 
obscure, but the patients with atleast one risk factor were more likely to havea deformity 
greater than 60°. 

In another study, Perimenis et al. retrospectively evaluated 134 cases to investigate the 
clinical features of the disease (29). They found that in 11 (8.2%) the onset of disease was 
noticed after autoinjections of vasoactive drugs, and 18 (13.4%) had a history of penile 
trauma (fracture) during sexual activity. Of patients with PD, 8 (6%) had DM , and 3 (2.2%) 
had Dupuytren’s contracture. 

In conclusion, there are contradictory results in the literature about the role of risk fac- 
tors for systemic vascular diseases such as smoking, DM , hyperlipidemia, and hyperten- 
sion and drugs. Further research with large epidemiological studies is needed to identify 
the definitive relationship between PD and these comorbidities. Further details on the 
etiology and pathophysiology of PD are discussed in other chapters. 


EFFECT OF ORAL PHARMACOTHERAPY 
ON THE PREVALENCE OF PEYRONIE’S DISEASE 


M ost of the opinion leaders in this field note that the number of patients with PD has 
increased since the advent of oral pharmacotherapy for the treatment of ED (30,31) 
because up to 80% of patients with PD may have concurrent ED (32). With more men suc- 
cessfully treated for ED, anincreasing number of Peyronie’s cases are becoming manifest 
and presenting for evaluation. PD may bediagnosed during astandard diagnostic evalua- 
tion for ED. 
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Table 2 


Comorbid Factors Among Peyronie’s Disease in Different Studies 


Most common comorbid factors among patients with Peyronie’s disease (%) 


Cross-sectional studies DM Arthritis -Blockers HT DC CAD HL HC Smoking PT 

Lindsay et al. (6) 6.9 7.9 5.9 16.8 4 NR NR NR NR NR 

Sommers et al. (7) 18.3 NR 22.5 NR NR NR NR NR NR NR 

Case series 

Mulhall et al. (15) 25 NR NR 43.8 8.3 10.4 33.3 NR 15 NR 
OR 2.6 OR 2.3 OR 0.32 

La Pera & al. (16) NR NR NR OR 0.7 NR OR 1.7 NR NR OR 4.6 NR 

Kadioglu & al. (27) 33.2 — — 14.7 NR 8.1 28.3 NR NR NR 

Carrieri et al. (25) 16 NR NR 31 20 NR NR NR 76 13 
OR 1.6 OR 1.6 OR 19.3 

Usta et al. (26) 17.2 Z — 27.2 0.08 23 15:7 18.3 25.5 13.2 

Kadioglu & al. (33) 25.2 NR NR 16 NR 8.92 21.8 34.5 NR NR 


Perimenis et al. (29) 6 NR NR NR 2.2 NR NR NR NR 21.6 


CAD, coronary artery disease; DC, Dupuytren’s contracture; DM, diabetes mellitus; HC, hypercholesterolemia; HL, hyperlipidemia; HT, hypertension; NR, 
not reported; OR, odds ratio compared to control; PT, penile trauma (including invasive procedures to the penis). 


Chapter 2 / Epidemiology of Peyronie’s Disease 17 


With colleagues, we analyzed the characteristics of these patients compared with 
patients presenting with classical complaints of PD during a 10-yr period in our institu- 
tion (33). Of 448 patients, 15.8% (71) were detected with PD during a diagnostic workup 
for ED, which consisted of a standard questionnaire for sexual function and combined 
injection and stimulation test. Of 7594 patients with ED who were seen at our outpatient 
clinic during this period, 1% (71) were found to have PD. The patients presenting with 
ED only were significantly older (57.4 yr) compared to the other patients with PD (52.2 
yr). In this study, at least one comorbidity for systemic vascular diseases was observed 
in 73% of the cases, with DM (40.8%) and hypercholesterolemia (36.6%) the leading 
ones. The severity of deformity was significantly less in these patients compared to other 
patients with PD, which may be an important factor in their awareness of their disease. T he 
mean degree of deformity was 31.5° in these patients; it was 41.1° in the other patients 
with PD. 

On the other hand, pure notching deformity may be another factor for incidentally diag- 
nosed PD during standard diagnostic workup. We compared the erectile status of patients 
with isolated notching deformity (57) with patients having any kind of penile curvature by 
history (534). We found that the leading presenting symptom was ED in 31.5% of patients 
with pure notching deformity; it was 14.2% in patients with any kind of curvature. T here 
is no study regarding the prevalence of PD in patients receiving oral pharmacotherapy. 


CONCLUSIONS 


Epidemiological studies of PD revealed that the prevalence of PD in the population 
has continuously increased during the last 30 yr, and now its prevalence is estimated as 
between 3.7 and 7.1%. It is much higher than previously believed. Theincrease in prev- 
alence of PD in case studies was also confirmed by Lindsay et al.'s cross-sectional study 
(6). Inthis study, itwas reported that the prevalence rates per 100,000 population increased 
from 13.6 to 34.6 during a35-yr period, for an average increase of 3.3% per year. Although 
it was previously considered a rare condition, its prevalence seems to be equivalent to 
that of important public diseases like diabetes or urolithiasis, both estimated in 3- 4% of 
the general population and greater than many cancers (7). 

The actual prevalence of this disease may be higher because of a patient’ s reluctance 
to report this embarrassing condition to the physician because of cultural and psycholog- 
ical reasons. On the other hand, because the symptoms may not be disabling, individuals 
do not seek medical help, and therefore they are not examined and registered in the 
medical system. Of concern is the belief by some authors that even the most recent data 
(7.1%) underestimate the true prevalence of PD, and there is no study addressing actual 
prevalence of PD diagnosed by physical examination as well as penile ultrasonography. 
PD at younger ages seems to have notably different characteristics, such as clinical hall- 
marks and outcome. 
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4 Experimental Models for the Study 
of the Cellular and Molecular 
Pathophysiology of Peyronie’s Disease 


Nestor F. Gonzalez-Cadavid, rhb and Jacob Rajfer, MD 


SUMMARY 


Research on the molecular and cellular pathophysiology of Peyronie’s disease (PD) 
and the potential implications for the discovery of novel therapeutic targets for this prev- 
alent condition has lagged considerably behind the advances in surgical techniques. 
However, two animal models have been generated based on the injection in the tunica 
albuginea of the rat of either transforming growth factor-B, (TGF-6;) or fibrin to induce 
PD-like plaques and on the extensive characterization of fibroblast cell cultures from 
the human tunica albuginea and the PD plaque. These in vivo and in vitro models of 
PD notonly replicate key molecular pathways and cell differentiation processes operat- 
ing in most other types of tissue fibrosis, but also are excellent tools to test and validate 
new antifibrotic approaches of wider applicability. The fibrogenic roles of TGF-fj, oxi- 
dative stress, fibrin, plasminogen activator inhibitor 1, myofibroblast differentiation, 
and others have started to be elucidated in the context of the PD plaque, and stem cells 
have been found in the tunica albuginea that may be involved in plaque calcification and 
ectopic osteogenesis. In addition, endogenous antifibrotic pathways have been found 
inthe PD plaque, mainly the inducible nitric oxide synthase/nitric oxide/cyclic guano- 
sine monophosphate cascade, antioxidant enzymes, anti-T GF-(, factors, and others, that 
may maintain the plaque in cellular and molecular turnover, particularly in terms of 
collagen deposition/breakdown and myofibroblast differentiation/apoptosis. Both the 
modulation of these defense mechanisms and some antifibrotic agents utilized in other 
conditions are starting to be tested therapeutically in human PD or its models or are 
potential targets for experimental research. 

KeyWords: Collagen; fibrosis; inducible nitric oxide synthase; myofibroblast; nitric 
oxide; oxidative stress; PDE5; PDE5 inhibitors; penis; reactive oxygen species; T GF -B; 
tunica albuginea. 


Peyronie's disease (PD ) continues to be underdiagnosed and overlooked in terms of 
the research effortinvested in clarifying its etiology, pathology, and molecular pharmacol- 
ogy (1-5). Recent advances have been made that demonstrate that the mechanisms of 
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fibrosis that occur in PD are also operative in other fibrotic conditions, such as wound 
healing (6); more than likely, these same processes are involved in other fibrotic condi- 
tions as diverse as erectile dysfunction (7,8), Dupuytren’s disease (9), heart failure (10, 
11), hypertension (12,13), renal tubulointerstitial fibrosis (14,15), arteriosclerosis (16, 
17), liver cirrhosis and nonalcoholic fibrosis (18), and idiopathic pulmonary fibrosis (19). 

Indeed, what makes PD an interesting process to be approached experimentally is the 
fact that two animal models (20-30) and cell cultures (25,31- 37) of the PD plaque have 
been developed, and a number of molecular and cellular biology concepts have been 
derived from these experimental models of PD and seem to play arolein many of the afore- 
mentioned more diffuse fibrotic processes. Simply stated, fibrosis is fibrosis regardless of 
the affected tissue, the pathological consequences, or the etiology of the fibrosis; as such, 
there must be a multitude of common processes indigenous to all these fibroses. There- 
fore, elucidation of therapeutic regimens to prevent or reverse the fibrosis in any one of 
these fibrotic conditions may be applicable to a number of the other fibroses. 

In this chapter, we discuss (1) the cellular and molecular pathophysiology of PD in the 
context of general pathways and therapeutic targets of fibrosis in other non-PD condi- 
tions, highlighting the main concepts that are supported by experimental evidence derived 
from the studies using human PD plaque tissue and plaque tissue experimentally induced 
in the animal models and (2) possible avenues of research that may develop into new 
therapeutic strategies for not only PD but also any of the disorders of fibrosis. 


PROFIBROTIC FACTORS AND COLLAGEN METABOLISM 


Relationship Between TGF -£, and Collagen 
in PD as Illustrated by the F irst Animal M odel of PD 


Fibrotic diseases are characterized by the excessive production, deposition, and con- 
traction of extracellular matrix (ECM ), mainly collagen and proteoglycans, in associa- 
tion with the disorganization of both the collagen and elastin fibers, together with the 
relative loss of certain cells that are essential for the normal function of the affected tis- 
sues (e.g., smooth muscle, cardiomyocytes, myofibers) (6,38). Theresultisa pronounced 
reduction in the cellular/collagen balance that may occur by the increase in collagen 
synthesis, reduction in collagen breakdown, and a decrease in cellular replication or 
induction of apoptosis. One of the main features of fibrosis is the appearance of new cell 
types, such as myofibroblasts, stellate cells, and mastocytes, that are actively involved 
in excessive collagen synthesis, contraction, or other abnormal processes with a ten- 
dency to replace the normal cellular milieu (30-41). Fibrosis is usually triggered by an 
injury or other types of (endogenous or exogenous) insults that lead initially to an acute 
and later to a chronic inflammatory process that is considered to be critical in the over- 
production of profibrotic factors (42). 

Although a number of growth and differentiation factors have been identified in the 
literature in most fibrotic conditions, it is transforming growth factor-B, (T GF-B,) that 
has emerged as one of the key agents responsible for triggering the initial stages of fibro- 
sis and its progression (43-45). This protein is a multifunctional regulator of cellular 
activity that is maintained as a large (210-kDa) latent complex composed of (1) the 
noncovalently bound mature 25-kDa protein homodimer of two 12.5-kDa chains, which 
are cleaved at the carboxy terminus from a 53-kD a monomeric precursor; (2) the40-kDa 
N-terminal protein processed from the precursor, named |latency-associated protein (LA P); 
and (3) a 125- to 160-kDa protein named TGF -Bı-binding protein. The cleavage of the 
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mature protein 12.5-kDa monomeric chains from the precursor by proteolysis (furins) 
and the release from the noncovalent link to the large complex are necessary steps for 
TGF-B, activation and are therefore potential targets for antifibrotic strategies since 
only the mature protein is able to bind to the T GF-B receptor. 

TGF-B, belongs to a large family of proteins, the TGF-f, “superfamily,” that is critical 
in cellular proliferation, differentiation, apoptosis, epithelial-mesenchymal transition, 
and production of ECM and includes TGF-ßB and -f3, the bone morphogenic proteins 
(BM Ps), and myostatin, among many others (46,47). However, with the possible excep- 
tion of myostatin and of BM Ps in ossification, only TGF-ß acts as a major profibrotic 
factor that exerts its biological functions mainly through its downstream signaling mole- 
cules human mothers against decapentaplegic (Smad)-2 and, in particular, Smad-3 (43, 
45). TGF-B1 also plays a key role in mediating fibrotic tissue remodeling by increasing 
the production and decreasing the degradation of connective tissue via several mecha- 
nisms. TGF-B is astrong activator of collagen! synthesis and inducer of myofibroblast 
transition and, paradoxically, has powerful anti-inflammatory actions (45). This is impor- 
tant to consider because as in the case of nitric oxide (NO) and many other pleiotropic 
agents, T GF -Bı may be either beneficial or deleterious in the context of fibrosis develop- 
ment, depending on the level of its overproduction/activation and the tissue milieu. 

The identification by Lue’s group in 1997 (48) of the association of TGF- over- 
expression, aS measured by quantitative Western blot, with the typical focal or diffused 
elastosis, fenestration, and disorganization of the collagen bundles in the human PD 
plaque, was the first demonstration that this critical profibrotic factor was overexpressed 
inPD.Inthis setting, TGF-6, and TGF-ßB; protein expression was not enhanced. A nother 
report had previously shown in the aging rat penis increasing TGF-B, expression by 
enzyme-linked immunosorbent assay, although at low levels (49). It was subsequently 
shown that T GF -8; could actually induceaPD-likeconditionin therat, by injecting, into 
the tunica albuginea, a synthetic heptopeptide with TGF-B-like activity (cytomodulin) 
(23), thus leading to the development of the first animal model for PD. Chronic and 
cellular infiltration, focal and diffuse elastosis, thickening, disorganization, and clump- 
ing of the collagen bundles were associated with TGF-f, protein expression by 6 wk in 
this cytomodulin-injected rat model. Like that of the human plaque tissue, no TGF-f, 
or TGF-3 protein was observed in this animal model. 

Asin any other animal model, the histology of the PD-like plaque may not be abso- 
lutely identical to the onein the human condition, butit does strikingly resemble the latter, 
as demonstrated by ultrastructural changes denoting densely packed collagen, fragmented 
and scarce elastic fibers, separation of neuronal fibers by interposing clumps of packed 
collagen, and perivascular collagen deposition (21). Interestingly, trauma per se to the 
rattunica albuginea viaa surgical incision initially produces increased T GF -B4 expression, 
but asin anormal wound elsewhere in the body, T GF-8, expression ceases, and aPD-like 
lesion does not ensue. This suggests that only a high self-sustained and localized T GF-B; 
expression will inducea plaque (50), resembling the acute phase of human PD. Injection 
of TGF -B per se into the tunica albuginea, rather than cytomodulin, can also induce a 
PD-like plaque after 6 wk. W hen colchicine was given either together or subsequent to the 
TGF-B, injection, both TGF-ß, expression and plaque size were reduced, with the most 
reduction seen at the earliest treatment with the colchicine (22). 

The TGF-f,-induced rat model of PD has been extensively used by two other groups 
to study additional aspects of PD pathophysiology (23-27), asdiscussed below. T heresult- 
ing fibrotic process has also been further characterized by showing that the levels of the 
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immature form of collagen, collagen III, as measured by quantitative histochemistry by 
Sirius red, increased in comparison to the levels of collagen | (27). This observation in 
the rat is in agreement with the initial determinations found in human plaque by two 
other groups (51,52) but differs from a reported decrease in the collagen II/I ratio (53), 
probably because of the different procedures utilized to detect both collagen forms. 
Although the determination of total collagen as measured by hydroxyproline (24) and 
of collagen | and III messenger RNAs (mRNA s) by reverse transcriptase polymerase 
chain reaction and DNA microarrays (35,54) showed an increase in collagen levels in 
the human PD plaque as compared to the normal tunica albuginea, this observation has 
so far not been conducted in the PD-like plaque in animal models. This is because the 
animal model produces a very small plaque size, and this imposed that most determina- 
tions had to be performed on tissue sections by quantitative image analysis of M asson 
trichrome staining (24-27). It is not known whether other forms of collagen, like col- 
lagen V, which is present in the human plaque (53), accumulate in the PD-like plaque 
of the rat model. 


FIBRIN/PAI-1 SYSTEM AND THE DEVELOPMENT 
OF A SECOND ANIMAL MODEL OF PD 


Another series of profibrotic factors that have been extensively characterized, par- 
ticularly in the context of lung, kidney, and vascular fibrosis, are the ones related to the 
fibrin/plasminogen activator inhibitor 1 (PA 1-1) system (55,56). Plasmin, the enzyme 
responsible for fibrinolysis, favors the degradation of the E CM , either directly by remov- 
ing glycoproteins from ECM or by activating matrix metalloproteinases (M M Ps) that 
break down collagen (57,58). PAI-1 may prevent ECM degradation by blocking MM Ps 
and by inhibiting fibrinolysis through the blockade of plasminogen activator (t-PA ) 
activity. This leads to fibrin accumulation and exacerbation of fibrosis (56,57). 

In pulmonary fibrosis, fibrinogen participates in the activation and migration of fibro- 
blasts and provides a fibrin scaffold for cell migration following induction of an acute 
lung injury. The subsequent fibrinous intrapleural matrix leads to pleural fibrosis, which 
ultimately results from disordered fibrin turnover, by which fibrin formationis upregulated 
and fibrin breakdown is downregulated (55,57). TGF-B.andtumornecrosisfactor (T NF)- 
a facilitate the fibrin matrix formation. Fibrinogen and fibrin upregulate PAI-1, which 
as discussed for TGF-8; and NO, should not always be considered deleterious since it 
may havea protective role during fibrin- dependent diseases, such as experimental glom- 
erulonephritis and aortic atherosclerosis (55). In this context, PAI-1 is required for the 
regulation of plasminogen activator-dependent and plasmin-independent processes, and 
its expression in vivo modulates inflammation, potentially by its capacity to occupy vitro- 
nectin-binding sites (55). 

In the case of PD, fibrin has been suspected as one of the main factors triggering PD 
ever since fibrin was detected in the majority of specimens of human PD even years after 
the development of the plaque (59-63). Indeed, histochemical staining and immuno- 
blotting demonstrated that fibrin was present in 95% of human PD specimens. This led 
to the hypothesis that trauma or microtrauma to the erect penis with extravasation of 
fibrin into the tunica albuginea was the initial triggering factor of an abnormal wound 
healing process that eventually causes plaque formation (61-63). Fibrinogen and fibrin 
would trigger the initial acute inflammation process and the subsequent release of pro- 
fibrotic factors. Fibrin would persist by the inactivation or inaccessibility of the fibrin- 
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olytic system, and this would impair wound formation and cause fibrosis. |In other words, 
the PD plaque was seen as a scar (61-64). 

Based on these observations and assumptions, anew animal model was developed in 
which the PD-like plaque was notinduced by T GF -f; injection into the tunicaalbuginea, 
but by a fibrin-generating preparation that clots within the tissue (28). The immediate 
fibrin formation was seen as essential, rather than the simple injection of soluble fibrino- 
gen, to trap the fibrogenic deposit within the tunica for a sufficient length of time. In this 
model, the process of plaque formation, as denoted by M asson trichrome and when 
compared to the T GF-B model, was considerably accelerated (3 wk) after an early stage 
of acute inflammation. This was accompanied by the persistence of fibrin within the tunica 
as detected by both histochemistry and immunohistochemistry. Interestingly, TGF-6, 
was considerably expressed in the fibrin-induced PD-like plaque, and from this it was 
postulated that the fibrin-induced plaque was most likely mediated by TGF-B, expres- 
sion. This study also furnished an explanation for the fibrin persistence by showing by 
(1) immunocytochemistry that PA 1-1 was considerably increased in the PD-like plaque 
and by (2) Northern and Western blots that there were high levels of PAI-1 mRNA and 
protein in the human PD plaque (29). Although PA l-1 is likely to act as a profibrotic agent 
in PD, the possibility remains that in the initial stage of acute inflammation, as is postu- 
lated in the kidney (55), it may be an anti-inflammatory factor. 

Some clinical studies have put in doubt the trauma origin of PD by either indicating 
the absence of the patient’ s recollection of atraumatic episode during sexual activity (4) 
or conversely by showing that a very strenuous torsion of the erect penis practiced by 
some ethnic groups (65) was not associated with a higher incidence of PD. This serves 
as a warning that the cause-effect relationship is not easy to demonstrate in PD, on one 
side because microtrauma may occur and still not become obvious to the patient, and on 
the other hand because there may bean ethnic difference in the susceptibility to translate 
an injury to the tunica albuginea into an abnormal wound-healing process. The associa- 
tion of PD with Dupuytren’s disease and other conditions suggests that a genetic or 
immune-related process may determine predisposition to localized fibrosis in certain 
anatomical locations, and this may modulate the reaction after trauma or microtrauma. 
In this context, itshould bereminded that PD occursin 11% of patients after radical pros- 
tatectomy, a traumatic process that may lead to distant clot formation in the penis and even 
affect paracrinely the tunica albuginea (66). 


Chronic Inflammation, Oxidative Stress, and Fibrosis in PD 


One of the most significant concepts that has recently evolved in pathophysiology is 
therecognition that (1) vascular complications of type 2 diabetes and aging such as athero- 
sclerosis, hypertension, and arteriosclerosis; (2) some nephropathies; as well as (3) fatty 
liver disease are chronic inflammatory conditions leading to localized or generalized 
fibrosis in the affected tissue, and that oxidative stress is a major factor in this process 
(67-70). This occurs via the production of reactive oxygen species (ROS) through oxida- 
tive enzymes such as xanthine oxidoreductase (X OR) or nicotinamide adenine dinucleo- 
tideoxidasein a process counteracted by antioxidant enzymes such as superoxide dismutase 
(SOD), hemeoxygenasel, catalase, or glutathione peroxidase/reductase(71).ROS com- 
prise free radicals such as superoxide (O,*-) anion, hydrogen peroxide (H 202), and hydroxyl 
(OH‘) and peroxyl (ROO*) and can be measured directly in blood or tissues by the quan- 
titation of the reduced/oxidized glutathione ratio (GSH/GSSG) of malonaldialdehyde or 
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in tissues by a series of fluorescent probes or |uminol-induced chemoluminescence. The 
indirect determination of ROS in tissues is based on theimmunohistochemical detection 
of oxidant or antioxidant enzyme expression coupled to quantitative image analysis or 
the Western blot estimation of the levels of the respective enzymes. 

In the case of diabetes, hyperglycemia promotes ROS formation, and angiotensin || 
isalso a powerful ROS generator viathe angotensin 1 receptor (70). ROS induces peroxi- 
dation of lipids and subsequent membrane damage. Products of lipid peroxidation, such 
as 4-hydroxynonenal, stimulate collagen synthesis and are also toxic to the mitochon- 
dria (72). This aggravates oxidative stress that contributes to endothelial dysfunction 
and to vascular wall permeability, leukocyte infiltration, tissue hypertrophy/prolifera- 
tion, and fibrosis by stimulating nuclear factor (NF )xB and by upregulating adhesion 
molecules, cytokines, and chemokines, specifically TGF-81, which also stimulates col- 
lagen deposition (73). 

The influence of chronic inflammation in the generation of the human PD plaque has 
been well documented through numerous reports showing an acute inflammatory phase 
that persists for 6- 18 months, involving perivascular infiltration of lymphocytes, mono- 
cytes, and neutrophils, followed by achronic phase persisting for years (2). The early acute 
inflammation is recapitulated in the rat models of PD, and itis a process in both species 
that is conceivably maintained by the constant release of cytokines and other proinflam- 
matory agents. This inflammatory response is critical for the generation of ROS (71), 
and this has been shown by the increase in hemeoxygenase | immunostaining in both 
human PD and in the TGF-fB-induced PD-like plaque in the rat in parallel to the increase 
in the content and disorganization of collagen fibers (24-27). A similar association of 
oxidative stress and fibrosis in the fibrin-induced PD-like plaque was demonstrated by 
measuring the increase of both X OR and SOD (28-30) and by the fact that therapies that 
reduced the plaque in any of the animal models were accompanied by a decrease in oxi- 
dative stress, whereas interventions that exacerbated collagen deposition led to a parallel 
increase in ROS-related enzymes (24-27). 

Obviously, many cytokines and ancillary factors other than TGF -ß are produced during 
inflammation by ROS/NF«B activation of their gene transcription, and the control of the 
inflammatory response may retard the fibrotic plaque formation. The application of DNA 
microarrays to discern which of these inflammatory factors and the respective down- 
stream fibrotic genes are elevated in the PD plaque in comparison to the normal tunica 
albuginea has started to provide some valuable information (35,54). DNA microarrays 
allow the determination of the differential profiles of multiple gene expressions that are 
altered in agiven specimen as compared to its control. In astudy using the Clontech A tlas 
Array for 1200 genes as well as the A ffymetrix GeneChip for more than 10,000 genes, 
somemRNAsSfor proinflammatory genes were detected as upregulated in thePD plaque, 
mainly monocytechemotactic protein 1 (M CP-1), whereas TGF- modulators weredown- 
regulated (54). 

The observation regarding M CP-1 was confirmed in two other studies (74,75), but 
surprisingly M C P-1 was not found upregulated in alarger cohortwherePD plaquechanges 
over the normal tunica albuginea were compared with Dupuytren’s tissue against normal 
ligament using DNA microarrays (35). This suggests that inflammation is not necessar- 
ily present at all stages of PD, butit also supports the view that the identification by DNA 
microarrays and proteomics of profibrotic pathways other than the fibrin-ROS-TGF-B 
cascade should be conducted on animal models to try to find novel therapeutic targets 
that may be operative in PD. The problem in conducting such studies is that human PD 
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tissue specimens are usually obtained surgically well beyond the early acute inflamma- 
tory phase. It may be possible to circumvent this issue by studying the PD-like plaque 
at different stages of development in the animal models of PD. 


Collagen Breakdown and Matrix M etalloproteinases in H uman PD 


M ost of the emphasis in the study of fibrotic processes has been placed on the factors 
that trigger collagen synthesis and generate, mostly in fibroblasts, myofibroblasts, and 
smooth muscle cells, the synthetic cellular phenotype producing collagen. However, a 
very important aspect in fibrosis is the fact that collagen breakdown may be inhibited, 
either by inadequate functioning of the enzyme system responsiblefor collagen degrada- 
tion, the M M Ps (58,73,76,77), or by crosslinking of collagen fibers that block the effect 
of theM M Ps(16,78,79). There are about 20 M M Ps, identified by numbers, and the ones 
most involved in the physiological degradation of collagen | are collagenase 1 (M M P-1) 
and collagenase 3 (M M P-13) and to a lesser degree M M P-2, -8, and -14. For collagen III, 
they are mainly M M P-1, -3, -10, and -13. M M Ps are induced by T GF-f; and interleukin 
1, which also stimulate their processing from larger precursors named latent M M Ps or 
zymogens. 

M M Pscan be inhibited by specific inhibitors named TIM P-1 and -2 (tissue inhibitors 
of metalloproteinases 1 and 2), as well as by fibrinolytic inhibitors such as PAI-1, and 
therefore overexpression of MM Ps may occur in fibrosis in the presence of defective 
collagen breakdown because of higher levels of the M M P inhibitors. For this reason, itis 
convenient to estimate M M P expression by Western blot or immunohistochemistry and 
M MP enzyme activity by different procedures such as zymography or special enzyme- 
linked immunosorbent assay and enzyme activity kits that detect specific M M Ps. These 
procedures have allowed the identification of defective M M P activity or expression in 
anumber of fibrotic conditions, such as liver fibrosis, hypertension, cardiac failure, arthri- 
tis, and others (7,76). However, in myocardial infarction, in atherosclerotic plaques, and 
in other vascular pathologies, the converse process of M M P induction (i.e., the activa- 
tion of zymogens or the decrease of M M P inhibitors) leads at times to noxious excessive 
collagen degradation and inadequate tissue remodeling (11,80). 

In conditions such as aging and diabetes, excessive amounts of advanced glycation end 
products (A GEs) are formed and react with proteins, particularly collagen, and in diabetes 
their formation is greatly enhanced with rising hyperglycemia (16,78,79). This leads to 
tighter collagen fibers because of A GE crosslinks that render collagen much more resis- 
tant to proteolysis by MM Ps, and clinically this presents as tissue fibrosis and rigidity. 

Despite the potential of initiating collagen breakdown as a therapeutic approach to 
fibrosis, very little research has been conducted on this topic in PD other than the early 
trials of collagenase for trying to “soften” the PD plaque. These trials did not bear fruition 
against the PD plaque (81,82). The studies utilizing DNA microarrays identified a para- 
doxical increase of mRNAs for two species, MM P-2 and MM P-9, and of the peptides 
named thymosins, which actas M M P activators, specifically thymosin-B;9 and -B4, in both 
the PD plaque and the Dupuytren’s nodules (35). 

These results can be interpreted in two different ways: (1) an actual intensification of 
M MP activity triggers tissue remodeling, likein the cardiovascular system (11,80), which 
in this case would not be noxious but part of a spontaneous defense process opposing 
fibrosis (see below); or (2) an M MP transcriptional gene activation reacts against higher 
levels of M MP inhibitors, like the observed PA l-1 increase, that may not overcome the 
MMP inhibitors and would eventually lead to considerable downregulation of MMP 
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activity and the decrease in collagen breakdown. Further investigation should be carried 
outin thehuman PD specimens and in the animal PD tissues to determine whether M M P 
activity is actually reduced in the fibrotic tissue because of anincreasein PAI-1orTIM P 
and whether this imbalance varies according to the progression of fibrosis. A prelimi- 
nary study (83) showed in the human PD plaque an elevation of all four TIM Ps as com- 
pared to the perilesional tunica, which seems to support the hypothesis that the elevation 
of MMP activity is a compensatory mechanism against an increase of M M P inhibitors. 

A question that so far is unexplored is whether the collagen fibers per se in the PD 
plaque are more resistant to proteolytic breakdown through the formation of AGE 
crosslinks. T hisisimportant for two main reasons: (1) AGEs areintensified by oxidative 
stress even under normal glycemia, so that this would lend more credence to the hypoth- 
esis of oxidative stress as a key factor in the fibrotic process; and (2) it may justify the 
trial of agents in PD that would reduce the formation of collagen crosslinks or directly 
break down the ones already formed (see below). 


CELL MEDIATORS OF FIBROSIS 


M yofibroblasts, Abnormal Repair, and the PD Cell Culture M odel 


One of the aspects that is essential in the study of fibrosis is theinterplay and interre- 
lation of fibroblasts in the connectivetissue with myofibroblasts, a cell type that has been 
the focus of considerable attention in the context of normal and abnormal wound healing 
and various fibrotic processes in different organs (10,38-40). The myofibroblast shares 
the phenotype of fibroblasts and smooth muscle cells, and this can be detected by the 
expression of two immunochemical markers: vimentin, which is present in both fibro- 
blasts and myofibroblasts, and «-smooth muscleactin (A SM A), presentin myofibroblasts 
only. M yofibroblasts, under the light microscope, display actin fibers and have projections 
to contiguous cells; under the electron microscope, they have a distinctive morphology 
with nuclear indentation. M yofibroblasts accumulate during wound healing, exercising 
the contractile force that helps to bring together the edges of the wound, and actively syn- 
thesize the collagen required for extracellular formation during tissue repair after injury. 
They normally disappear by apoptosis, but when they persist and continue synthesizing 
collagen, an excessive scar is formed. 

In most fibrotic conditions, the appearance and subsequent persistence of myofibro- 
blasts are linked to the development of fibrosis, and although their origin is uncertain, 
they are thought to derive from fibroblasts, endothelial cells, or stem cells (10,38- 40). 
In the case of the liver, myofibroblasts are postulated to originate from hepatic stellate 
cells, located between parenchymal cell plates and sinusoidal endothelial cells, in a 
differentiation or “activation” in which the stellate cells lose the lipid droplets and long 
processes (41), although this view has been challenged (84). 

The presence of the myofibroblastin PD was initially established in 1978 (85), afew 
years after the discovery of this cell type by Gabbiani (38-40). M yofibroblasts were 
obtained in cell culture from the PD plaque in 1982, showing the typical actin cable for- 
mation, surface membrane blebs, nuclear indentation, and microvilli (86). R ather surpris- 
ingly, virtually no detailed studies of the myofibroblast in the context of PD were made 
for thenext 15 yr, despite the abundant literaturein an associated condition, Dupuytren’ s 
disease (87). One study in 1997 described the myofibroblasts in the PD plaque (88), and 
another one referred to “myofibroblast” cultures, although it is not clear whether they 
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were different from corpora cavernosa smooth muscle cells (89). In a series of subse- 
quent reports, the role of the myofibroblastin PD was “rediscovered” by demonstrating 
that whereas myofibroblasts were virtually absent in the normal human tunica albug- 
inea, their number, as determined by quantitative image analysis and Western blot for 
ASMA, was considerably increased inthe PD plaque(24,25), and thatthe same occurred 
in both the TGF-B,-induced and the fibrin-induced PD-like plaque in the rat models, in 
comparison to saline-injected tunica (24-30). M oreover, myofibroblasts were even more 
abundant when the size of the plaque and the level of oxidative stress were increased by 
experimental manipulation (see below) (25-30). 

B ecause the human tunica albuginea can be easily dissected, whereas the rat tunica 
ismuch more difficult to obtain, cell cultures have been developed from both the normal 
tissue and the PD plaque (25,31- 37) and from the rat tunica albuginea and extensively 
characterized, showing that they contain a variable proportion of myofibroblasts within 
an essentially fibroblast population. These cells synthesize collagen | and III, fibroblast 
growth factor, and some of these processes are stimulated by incubation with TGF-B, (25, 
36). One of the laboratories studying these cultures has demonstrated: “(a) consistent 
morphologic transformation; (b) increased S-phase on flow cytometry; (c) decreased 
dependence on culture medium; (d) cytogenic instability; (e) excess production of fibro- 
genic cytokines; and (f) stabilization and dysfunctionalization of p53” (31-34). 

In addition, the human PD plaque, when compared with the tunica albuginea tissue 
by DNA microarrays, showed upregulation of early growth response protein, which is an 
activator of fibroblast proliferation, and of the myofibroblast markers œ- and y-smooth 
muscle actin, desmin, RhoGDP dissociation inhibitor, and others (35). 


Human Tunica Albuginea, 
Stem Cells, and Ossification in the PD Plaque 


A stagein the progression of fibrosis that presents in certain tissues, such as the skeletal 
muscle or the arterial wall, is ossification or calcification, during which there are depos- 
its of calcium that eventually evolve into the formation of a bonelike tissue, in which 
osteoblasts and markers of osteogenic differentiation are identified (89,90). The mecha- 
nism of this ectopic ossification is unknown, although it is assumed that fibroblasts in 
the interstitial tissue of the skeletal muscle or in the adventitia of the arterial wall harbor 
stem cells that can differentiate into localized osteoblasts. In the arterial tree in particu- 
lar, calcification is very prevalent in type 2 diabetes and aging, and this may be related 
to the persistent hyperglycemia and oxidative stress, respectively (90). The presence of 
stem cells in adult tissues, also named multipotent cells (able to originate more than one 
cell lineage) to differentiate them from embryonic totipotent or pluripotent cells (able 
to originate all or most cell lineages), is well established (91,92). The activation of resident 
“dormant” stem cells in the muscle may explain (1) fibrosis through their differenti ation 
into myofibroblasts and other ancillary cell types, like keratinocytes in the skin, or (2) 
ectopic ossification through their differentiation into osteoblasts. 

Ossification occurs in about a quarter of patients who havea palpable PD plaque (93, 
94), and there is some controversy whether the calcification can extend into the corpora 
cavernosa smooth muscle (95). An in vitro study has shown the presence of stem cells in 
the human tunica albuginea and PD plaque (36) as identified in their respective cell cul- 
tures by (1) stem cell markers; (2) the ability to grow in soft agar, a clonogenic assay (only 
thePD cells); (3) their differentiation into myofibroblasts, smooth muscle cells, and osteo- 
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blasts; and (4) the secretion of paracrine factors that can modulate the differentiation of 
other multipotent cells in dual cultures. Specifically, the osteoblastlike cells were detected 
by immunocytochemistry, Western blot, and reverse transcriptase polymerase chain reac- 
tion using markers such as alkaline phosphatase, B M P-2 and osteopontin, and their for- 
mation was stimulated by TGF-,, implying that this cytokine triggers osteogenesis (as 
well as myofibroblast differentiation and fibrosis) and may be involved in in vivo ossifi- 
cation of PD plaques. 

Formation of osteoblastlike cells in vitro occurs to about the same extent from fibro- 
blasts derived from either normal tunica or PD plaques, and the normal tunical fibro- 
blasts secrete differentiation factors similar to the ones produced by the PD plaque. This 
indicates that normal tissue is, per se, prone to fibrosis and ossification through transfor- 
mation of endogenous cells, and this process is not dependent on migration of stem cells, 
myofibroblasts, or progenitor cells to the site of plaque development. This poses the inte- 
resting question of the relationship of the tunica albuginea with the corporal smooth mus- 
cle that hypothetically may be equated to the one between the adventitia and the media 
in thearterial wall asasource of stem cell differentiation and migration (96) sincethe penis 
and the corporal tissue specifically are in fact an extension of the vascular tree. If this is 
the case, then the tunical stem cells may be speculated to act as reservoirs for replenishing 
the corporal smooth muscle cells that are lost by apoptosis during aging, or alternatively 
on injury to the tunica, they would undergo conversion to myofibroblasts and fibrosis 
inthetunica(PD plaque) and atlater stages conversion into osteoblasts (ossified plaque). 
This would resemble the putative adventitia/media interactions in arteriosclerosis and 
calcified atherosclerotic plaques. 

In addition to the presence of stem cells, the PD cultures, but not the normal tunica 
albuginea cultures, harbor cells that appear to be malignant, as shown by the following 
lines of evidence: (1) PD cells can form colonies on softagar (36), afeaturenotonly shared 
by stem cells but also may be suggestive of the presence of malignant cells; (2) the pres- 
ence of aneusomies, recurrent deletions of the Y chromosome, and other chromosomal 
abnormalities that progress during culture, although these features are also present in 
tunical fibroblasts (32); (3) prolonged S phase(DNA replication) and inactivation of the 
antitumor p53 gene, features that are consistent with uncontrolled replication (34); and 
(4) the more direct demonstration that immunodeficient mice developed subcutaneous 
tumors when injected with PD cells but not with normal tunica cells (33). This poses the 
question regarding why no penile tumors are associated with PD, even if myofibroblasts 
themselves can be responsible for the development of benign lesions (myofibroblasto- 
mas), locally aggressive fibromatosis (similar to PD), and even low-grade and high-grade 
sarcomas (97). 


ENDOGENOUS ANTIFIBROTIC MECHANISMS 
AND NEW THERAPEUTIC TARGETS FOR PEYRONIE’S DISEASE 


Inducible Nitric Oxide Synthase/NO/ROS 
Balance in PD Plaque Development 


The regression of fibrosis was considered until recently as a very rare event since fibro- 
sis steadily progresses with time. However, more recently, regression of fibrosis has 
been claimed to occur occasionally in liver and kidney fibrosis (98,99), and the mecha- 
nism may be assumed to involve the activation of a series of antifibrotic pathways that 
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may overcome the effect of the profibrotic factors. Although these endogenous mecha- 
nisms of defense are not known, there is considerable evidence that NO may be one of 
the antifibrotic factors, at least in the case of heart and kidney fibrosis, based on the fact 
that (1) inhibition of nitric oxide synthases (NOSs) by isoform-unspecific inhibitors 
exacerbate fibrosis (100,101), and (2) administration of L-arginine or gene transfer of 
NOS complementary DNAs (cDNAs) can ameliorate this process (102-104). 

Theidentity of theNOS isoformsinvolvedin producing “antifibrotic” NO isnotclear, 
but the inducible NOS (iNOS), which is not normally expressed in healthy tissues, is 
overexpressed in mostinflammatory conditions and many fibrotic processes (17,105,106). 
iNOS is regulable transcriptionally by the activation of its gene promoter by cytokines 
through a NFxB mechanism. This leads to a steady output of NO at supraphysiological 
levels, as opposed to the brief pulses released through the enzymatic activation of neu- 
ronal NOS during neurotransmission or the more prolonged synthesis of relatively low 
levels of NO by the enzymatic activation of endothelial NOS. It has been shown that the 
blockade of iNOS expression intheiNOS(-—/—) mouseis associated with increased fibro- 
sis of (1) the kidney after ureteral ligation (107), (2) the liver following a high-fat diet 
(108), and (3) the lung after ovalbumin instillation (109). 

Inthecaseof PD, although in general the tunical plaques undergo progression in terms 
of their size and increasing curvature of the erect penis, it is assumed anecdotally that 
about 5-15% of PD plaques undergo spontaneous regression. As in other fibrotic pro- 
cesses, the mechanism is unknown, but evidence obtained by the application of DNA 
microarrays has suggested that, in both the PD plaques and the Dupuytren’s nodules, an 
active tissue turnover occurs at both the cellular and the molecular levels; this summa- 
rized in the next section. 

W ithin the context of beneficial fibrotic tissue remodeling, one of the plausible defense 
reactions is the production of NO through the cytokine-induced expression of iNOS. 
This process wasshown to occurinthehuman PD plaque(24) andinthetwo animal models 
(24-29) by detecting iNOS in the fibrotic tunical tissue and showing a considerable 
increase in nitrotyrosine linked to proteins when compared to the normal tunica. Nitro- 
tyrosineis an indicator of the generation of peroxynitrite, a product of the reaction of NO 
produced from iNOS with ROS. Therefore, the higher levels of nitrotyrosinein thetissue 
area fingerprint of ROS quenching by NO, and this suggests that, by reducing oxidative 
stress, iNOS acts as an antifibrotic factor since peroxynitrite by itself does not seem to 
be profibrotic. In other words, the balance between the respective levelsof NO and ROS, 
or between the downstream nitrosative and oxidative pathways, may modulate the devel- 
opment of the fibrotic plaque. 

Thesupport for the above-stated hypothesis comes from three other lines of evidence: 


1. When iNOS was inhibited by N-iminoethyl-.-lysine (L-NIL), there was an increase in 
fibrosis as measured by the increase in the collagen/cellular area in the tunica, the stim- 
ulation of the collagen 1a promoter, the increase in profibrotic markers such as TGF-6; 
and PA l-1, higher oxidative stress as indicated by theincreasein X OR andhemeoxygen- 
asel, and the stimulation of fibroblast/myofibroblast differentiation measured by ASMA 
expression, when the activity of iNOS was specifically inhibited by long-term oral admin- 
istration of L-NIL to the TGF-f, model of PD from theinitiation of plaque development 
(24,25). 

2. Long-term oral L-NIL also intensifies fibrosis in both the penis (corpora cavernosa and 
penile artery) and the media of the vascular tree in aged rats (17). 
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3. Anincrease in apoptosis in the PD-liketissue (presumably myofibroblasts) when either 
acDNA for iNOS is injected into the tunica albuginea or long-term oral L-arginine (NOS 
substrate) was given to the fibrin-induced or the TGF -6,-induced rat models (26,30). 


The translation of these observations in the penis and vascular tree into a therapeutic 
clinical approach would require additional studies in animals utilizing long-term oral NO 
donors (110) and investigation of the antifibrotic mechanism in depth by demonstrating 
that (1) ROS is decreased in the tissue by NO through the formation of peroxynitrite, and 
this correlates with the inhibition of plaque development and specifically collagen syn- 
thesis; (2) NO may also favor collagen degradation by stimulating M M P activity; (3) there 
are no noxious effects of long-term NO release, such as stimulation of smooth muscle 
apoptosis or induction of priapism. 


cGMP and Phosphodiesterase 5 
Inhibitors in PD-Like Plaque in the Animal M odels 


The main downstream product of NO synthesis is cyclic guanosine monophosphate 
(cGMP) through the activation of guanylylcyclase by NO (7,105). This reaction in the 
smooth muscle of the penile corpora cavernosa and the media of the penile arteries is 
responsible for penile erection by the production of NO through activation of penile 
neuronal nitric oxide synthase (PnNOS) in the nerve terminals and endothelial NOS in 
the endothelial lining of the blood vessels and possibly the corporal cisternae of the penis. 
The currently available phosphodiesterase 5 (PDE-5) inhibitors (sildenafil, vardenafil, 
and tadalafil) increase the levels of cGM P by inhibiting its breakdown by PDE-5 (27). 

Besides NO, cGMP also seems to actin certain conditions as an antifibrotic agent. This 
is evidenced by its inhibitory effect on collagen synthesis, myofibroblast differentiation, 
and AGE formation in cell cultures from tissues such as the heart and kidney (111,112) 
and by the demonstration that when sildenafil is given every other night for 6 mo fol- 
lowing radical retropubic prostatectomy, it seems to prevent the fibrosis of the corpora 
cavernosa that may occur after this type of surgery (113). ThecGM P-related effects may 
also result from activation of soluble guanylyl cyclase since a specific inhibitor reduced 
glomerulosclerosis in the rat (114). Higher cGM P levels from PDE-5 inhibition or gua- 
nylylguanyly! cyclase activation stimulate protein kinase G, an enzyme with antifibrotic 
effects since protein kinase G gene transfer also reduces collagen synthesis (115). 

In the case of PD, ithas been shown that cG M P inhibited collagen synthesis and myo- 
fibroblast differentiation and stimulated apoptosis in the cultures described above that 
were derived from human PD plaques and normal tunica albuginea (26). In addition, it 
was shown that long-term continuous administration of high doses of sildenafil prevented 
the development of the PD-like plaquein the T GF-B, rat model of PD, and that the target 
enzyme, PDE-5A, is expressed not only in the penile corpora cavernosa but also in the 
human and rat tunica albuginea and PD tissues and their respective fibroblast cultures (26). 
Oral long-term pentoxifylline, a nonspecific PDE inhibitor, exerted effects similar to 
sildenafil in this scenario. 

A study has extended those findings by showing that long-term continuous or discon- 
tinuous oral administration of a moderate dose of vardenafil prevented the development 
of the PD-like fibrotic plaquein the T GF-B, rat model of PD and reduced the size of a pre- 
formed plaque (27). Therewas a marked decrease in the collagen/smooth muscle ratio and 
the collagen III/I ratio, accompanied by a similar reduction in the number of cells express- 
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ing T GF-B, and in the number of myofibroblasts, with aconcomitantincrease in the apop- 
totic index, presumably in myofibroblasts; this was restricted to this tissue since the cor- 
pora smooth muscle was not affected. It was proposed that these effects were mediated 
by the inhibition of PDE-5 present in the tunica albuginea, thus maintaining the high 
levels of cGMP produced by the spontaneous induction of iNOS. cGMP would reduce 
collagen synthesis by downregulating TGF-ßB expression, thus reducing myofibroblast 
differentiation, and by inducing myofibroblast apoptosis, which would further reduce 
myofibroblast number. B oth downregulatory effects would then decrease collagen syn- 
thesis ina process that would add to the direct reduction by NO of collagen synthesis and 
of the levels of the profibrotic ROS. 


Antioxidants and Other Therapeutic Approaches 
Based on E ndogenous Mechanisms of Defense 


Theinduction of antioxidant enzymes, mainly SOD, appears to bean important mech- 
anism in the reaction of tissues against oxidative stress induced by hyperglycemia, inflam- 
matory processes, smoking, and many other conditions and its downstream consequences, 
particularly within the cardiovascular system (67-69). Thishasled to a series of preventive 
clinical trial therapies to reduce the risk of atherosclerosis and vascular disease in general 
based on the administration of vitamin E and other antioxidants (115,116). Failure to show 
an improvement is often assumed to derive from incorrect dosage, age at treatment, 
inadequate antioxidant agent, and other factors rather than disproving the oxidative stress 
theory. 

Similarly, other endogenous mechanisms of fibrosis, or of defense mechanisms against 
this process, are under study as potential targets for the development of new therapeutic 
options, and some are focused on the fibroblasts and myofibroblasts (10) and TGF-ß4 
(117). Sinceit has been documented that decorin, a small leucine-rich proteoglycan that 
binds to the T GF- receptor, is produced during fibrosis (117-119), several animal trials 
have been conducted with this product. A nalogous therapeutic approaches are under test- 
ing with neutralizing antibodies against TGF-ßB by giving compounds such as Smad-7 
that block the Smad signaling pathway that is activated by TGF-f,, by the inhibition of 
the proteolytic processing of its precursor, or by the release from its large complex (44, 
45,117,118). A member of the T GF-6 family, BM P-7, is under study in the treatment of 
renal fibrosis (120). 

On the other hand, the activation of M M Ps, or the counteraction of TIM Ps and even 
PA|-1, are under exploration (7,76). Perhaps one of the most promising interventions is 
to act either preventively to reduce the production of AGEsinthecase of aging- and dia- 
betes-related vascular fibrosis, which has already been shown to lead to collagen cross- 
links and resistance to its breakdown by MMPs, or therapeutically by breaking those 
established crosslinks with compounds such as alagebrium chloride (A LT-711) (16,78,79). 

In the case of PD, the relative failure for advanced stages of the disease of previous 
antioxidant therapies such as vitamin E (121) has not deterred investigations with other 
approaches, and it should be considered in combination with pentoxifylline, as used for 
the treatment of radiation fibrosis(122). Pentoxifylline, an isoform-unspecific PDE inhib- 
itor, reduced considerably the T GF-8,-induced plaque developmentin the animal model 
(26). Considering also that this drug may be effective for the treatment of kidney and lung 
fibrosis (123), it may be worth investigating whether the vitamin E/pentoxifylline com- 
bination may not only prevent but also regress the PD -like plaque in the animal models. 
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An interesting example of antioxidant therapy for PD is a study that was based on the 
application of recombinant human SOD inaliposome encapsulation as a topical gel that 
can reach the plaque in the treatment of the painful stage of PD in an attempt to combat 
inflammation rather than fibrosis per se (124). Thirty-nine patients with PD and significant 
pain symptoms were treated with SOD or placebo for a4-wk period, followed by across- 
over study design to ensure a total of 8 wk of SOD therapy. Pain, plaque, and curvature 
assessment was performed at study entry and every 4 wk until completion. Although the 
reduction of plaque size, consistency, and penile curvature, as compared to placebo, was 
not conclusive, the alleviation of pain and the statement of patient satisfaction were very 
significant. SinceSOD cDNA has ameliorated erectile dysfunction in the aged rat model 
(125), these clinical results should encourage the refinement of this approach in the ani- 
mal models of PD to try to achieve plaque reduction. 

On the other hand, decorin mRNA has been found consistently increased in human 
PD and Dupuytren’s nodules (35), suggesting that this is another mechanism of defense 
against the developmentof the plaque that may be investigated in the animal models. The 
use of PAI-1 small interference RNA, which breaks down the mRNA and “silences” gene 
expression (126), is another avenue to explore based on the findings of aconsistent eleva- 
tionof PAI-1in both thehuman PD andtheanimal PD-like plaquetissues (28,29). A nother 
potential agent is thymosin-B,, which together with other thymosins has been found to 
be increased (as MRNA) in the PD and Dupuytren’s plaques (35). In fact, thymosin-B, 
is hydrolyzed by prolyl oligopeptidase into Ac-SDK P, a ubiquitous antifibrotic tetrapep- 
tide that in long-term treatment decreases cardiac and renal fibrosis and inflammatory 
cell infiltration in hypertensive rats (127). Therefore, thymosin-64 may actas an antifibro- 
tic via the production of acetyl-N-ser-asp-lys-pro (AcSDK P) and may stimulate M M P 
activity. 


FUTURE DIRECTIONS 


The animal models, imperfect as they are in terms of mimicking the human disease, 
and cell culture to amore restricted extent, provide an invaluable tool for exploring what 
we believe are fundamental questions in the pathophysiology and medical therapy of 
PD: (1) to define the cellular and molecular markers of disease progression; (2) to dem- 
onstrate directly the role of the myofibroblast in the fibrotic development and the less- 
prevalent osteogenic phase of the disease and how to reduce their number by selectively 
stimulating their apoptosis; (3) to improve gel formulation in drug preparations to facili- 
tate a noninvasive release of traditional and novel therapeutic agents; and (4) to utilize 
a combination of drugs and routes of administration, rather than a single agent, to reduce 
chronic inflammation and pain while stimulating the breakdown of the collagen fibers 
and the resolution of ectopic ossification if present. Thelast strategy could mean improv- 
ing previous single-agent treatments that were not effective or only partially effective, 
such as collagenase or SOD, with novel strategies such as AGE crosslink breakers, NO 
donors, PDE inhibitors, and selected M M P formulations. 

A more complex aspect that may not be addressed with experimental models of PD 
istheclarification on whether systemic factors, such as predisposing genes of autoimmune 
processes, cause the onset and progression of the disease in certain individuals (e.g., 
trauma to the erect penis). However, the animal and cell models may help to define the 
paracrine influences that processes not directly injuring the tunica albuginea may exert 
on the tunical fibroblasts and lead to PD, such as those that may occur after penile nerve 
damage subsequent to radical prostatectomy. B ut, the most important lesson from these 
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models is that the study of aneglected condition, PD, that consistently fails to attract the 
attention of funding agencies may end up constituting a model for the extrapolation of 
novel therapeutic targets to other urogenital fibroses. It is not too speculative to assume 
that findings in PD may even be applicable to nonurological disorders in which chronic 
inflammation, fibrosis, and ossification are main pathophysiological determinants of the 
severity and consequences of the disease. 
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4 The Clinical Implications of Basic Science 


Research in Peyronie’s Disease 


John P Mulhall, mp 


SUMMARY 


Despite centuries of recognition, the condition that is Peyronie’s disease remains a 
puzzle. Conventional wisdom suggests that trauma to the erect or semi-erect penis is 
the inciting event that sets off a cascade of events at the cellular level that results in 
localized fibrosis of the tunica albuginea. H owever, many questions remain unanswered 
at this juncture, among the most important of which are why do so few men manifest 
this condition? Why is there such an ethnic predilection? W hat are the cofactors that, 
along with peniletrauma, lead to plaque development? Historically, cytokine overexpres- 
sion, autoimmune, and genetic factors have been cited as contributors. This chapter 
endeavors to conduct an evidence-based assessment of the literature as it pertains to the 
pathophysiology of Peyronie's disease. Furthermore, an effort is made to evaluate con- 
temporary literature pertaining to novel concepts in Peyronie’s disease pathogenesis 
including nitric oxide synthase alterations, free radical generation, pathogen involve- 
ment, and animal model development. In conclusion, although plausible that the near 
future will seeimproved developments in our understanding of this condition, ground- 
breaking work will require research funding beyond that which is currently available. 


Key Words: Peyronie’s disease; fibroblasts; fibrin cell cycle dysregulation; cyto- 
kines; cytogenetics. 


INTRODUCTION 


In essence, Peyronie’s disease (PD ) remains a mystery. M ore than 250 years after the 


initial description in the medical literature, the condition remains a mystery. Despite 


valiant efforts at defining the condition and postulation regarding the pathophysiology, 


its exact etiology remains amystery. Although conventional wisdom suggests that trauma 
to the erect or semierect penis is the inciting event that sets off a cascade of events at the 
cellular level that results in localized fibrosis of the tunica albuginea (Fig. 1), many 
questions remain unanswered, including the following: W hy do so few men manifest this 
condition? W hy does there appear to be such an ethnic predilection? W hy is there such a 
variation in the biology of plaque development and disease progression? W hat are the 


cofactors that, along with penile trauma, lead to plaque development? (See Fig. 2.) 


From: Current Clinical Urology: 
Peyronie’s Disease: A Guide to Clinical Management 
Edited by: L. A. Levine © Humana Press Inc., Totowa, NJ 


39 


40 Mulhall 


Fig. LPhotomicrograph (400<>) of a preparation of plaque-derived fibroblasts stained with smooth 
muscle c-actin(amarker for smooth musclethatstains green). Nuclei arecounterstained with propid- 
iumiodide(red). This micrograph illustrates the fact that a proportion of PD plaque-derived fibro- 
blasts (approx 20%) are myofibroblasts, which stain positively with smooth muscle antibodies. 
(See the companion DVD for color versions of the figure.) 
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Fig. 2.Proposed mechanisms of plaque developmentin Peyronie’s disease. This graphic illustrates 

whatis probably ahistorical thought process concerning Peyronie’ s disease pathophysiology (see 

Fig. 3). Although there are data supporting theinvolvement of these factors in plaque development, 

this graphic fails to demonstrate adequately the interplay between the factors. 


| Trauma | 


PD has been termed a fibromatosis. However, the exact definition of a fibromatosis is 
a condition characterized by the development of multiple fibrous tumors. Fibromatoses 
havearangeof biological behaviors, from completely benign (osteosclerosis, Dupuytren’s 
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Fig. 3.N ovel paradigm for plaquedevelopmentin Peyronie's disease. T hisalgorithm probably more 
closely represents the sequence of events in Peyronie’s disease pathophysiology. 


contracture) to aggressive with malignant potential (ovarian thecoma, desmoid tumor). 
Other than the coexistence in some men with Dupuytren’s contracture, the presence of 
other fibrous tumors in men with PD has not been identified. Although Peyronie's dis- 
ease has not been recognized as a condition with the potential for malignant transforma- 
tion, itisinteresting to note that, at the time of plaque incision and grafting surgery, plaque 
tissueis often adherent to the corporal smooth muscle, suggesting locally aggressive beha- 
vior of PD plaque. 


MODELS FOR THE STUDY OF PEYRONIE’S DISEASE 


The generation of a reliable, reproducible model for PD is a vital requirement for the 
advancement of our understanding of this disease process and is essential for the evalu- 
ation and development of novel therapeutic strategies. There are two types of models 
that have been investigated. Cell culture models have been used extensively in other areas 
of research and were first described in PD by Somers et al. in the late 1980s (1). The 
purpose of an in vitro model is to provide a model derived from the constituent cells of 
the tissue studied. The advantages of such a model include the ability to characterize the 
biology of the condition and the ability to manipulate the cells using a variety of agents, 
which may allow the development of new therapies. The major disadvantage is that such 
models may fail to representthein vivo condition. The study of PD plaque-derived fibro- 
blasts, for example, does not account for the complex in vivo environment in which the 
cells normally exist and function. 

In PD, cell culture models have been used to study fibroblast growth characteristics 
(Fig. 3), cytogenetic changes, cell cycle regulator function, and cytokine expression (2-5). 


Fig. 4.T wo photomicrographs stained for collagen. Panel Ademonstrates the normal rat penis; the 
image on the right (B) demonstrates dysregulation and an overabundance of collagen in the rat 
penis injected with fibrin. Image courtesy of J acob Rajfer, MD. 


Another ex vivo model is the use of plaque tissue for experimental investigation. This 
model is useful for the study of the presence of proteins and messenger ribonucleic acid 
ribonucleic acid (RNA) within this tissue. It has also been utilized for microarray analy- 
sis, acontemporary strategy commonly used for hypothesis generation in basic science 
research (6). 

The second model that has been studied is an animal model. The purpose of develop- 
ing an animal model is to precisely mimic the in vivo process. Through such a model, 
expansion of the understanding of the pathophysiology of PD may be possible. The 
potential advantages of such a model include the ability to assess therapeutic interven- 
tions prior to human exposure. For an animal model to be valid, however, it must ade- 
quately represent the condition studied. In PD, the most widely studied model has been 
developed by the U niversity of California at San Francisco group and involves the injec- 
tion of cytomodulin, a synthetic heptapeptide with transforming growth factor (TGF )- 
B-like activity, into the tunica albuginea of the rat (7). This technique has been shown 
to replicate the pathology of PD that is profound fibrosis. The use of this specific agent 
arose from the finding the TFG-B was overexpressed in PD plaque tissue compared to 
control tunica (8). M uch experimentation is in progress on the penises of rats injected 
with cytomodulin (or more recently fibrin), and much hypothesis generation is also 
conducted based on this model. The potential deficiency of such an approach is that it 
may fail to takeinto account the upstream factors that lead to plaque development. Clearly, 
this model is representative of penile fibrosis but may not be an ideal model for the study 
of Peyronie’s disease. 


PROPOSED PATHOGENETIC MECHANISMS 
The precise etiology or etiologies of PD remain uncertain. Historically, a number 
of factors have been cited as potential contributors to the pathogenesis of aPD plaque 
(Fig. 2). These include trauma to the penis in the erect or semierect state, overproduction 
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Fig.5.A schematic illustrating a proposal for theinterplay between fibrin, PA 1-1 (plasminogen acti- 
vator 1), and iN OS (inducible nitric oxide synthase). (See the companion DV D for color versions 
of the figure.) | mage courtesy of Jacob Rajfer, MD. 


Fig. 6. T ransverse section of a rat penis previously injected with cytomodulin (a synthetic hepta- 
peptidewithT GF-6 properties. N otethe extensivetunical changes (outlined by black arrows). Also 
note the intracorporal changes seen in this model not characteristic of Peyronie’s disease. Image 
courtesy of Trinity Bivalacqua, MD. 


of collagen and alterations in the type of collagen deposited in the tunica (Fig. 4), over- 
production of cytokines that induce fibrosis, alterations in T-cell-mediated immunity and 
HLA associations, failure to degrade and clear fibrin from the tunica albuginea, free radi- 
cals, and chromosomal instability. 


Trauma 
RATIONALE 


The concept introduced by Horton and Devine that trauma to the penis leads to PD 
continues to be accepted two decades after its introduction (9-11). Trauma is believed 
to be the primary inciting eventin the cascade of events that leads to PD plaque develop- 
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Fig. 7.Fluorescentin situ hybridization (FISH) photomicrograph (400<>). Peyronie’ s disease plaque- 
derived fibroblast nuclei are stained with D A PI (blue); two probes are used to stain for chromosome 
7 (red) and 8 (green). This FISH micrograph demonstrates trisomy for both chromosomes. (See the 
companion DVD for color versions of the figure.) 


ment (11). The torqueing stresses that occur during penetrative sexual relations are believed 
to resultin delamination of the tunical fibers, resulting in microhemorrhages; acute, then 
chronic inflammation; and eventually scar formation. We certainly see men who have 
fractured their penis who later developed penile angulation, so this level of trauma leads 
to aform of PD, butitis unknown how wecan besure that repetitive torqueing of the penis 
leads to PD, especially when so few men develop the condition when presumably the 
majority of men having sexual intercourse torque the penis during this act. 


DATA 


The minority of patients give a history of a distinct traumatic episode. In my practice, 
this is less than 10% of patients, and in many the traumatic episode that is reported is 
likely not to be a major contributor to the development of plaque. In a questionnaire- 
based study, patients with PD and erectile dysfunction (ED ) had an increased likelihood 
of having sustained penile trauma than patients without either PD or ED. In this analysis, 
however, there was no difference in trauma reporting between patients with PD and men 
with ED (12). Although the trauma theory is attractive, there is a paucity of evidence- 
based analyses to evaluate its role in the genesis of PD plaque. Despite this, it can be 
easily appreciated that the penis may be torqued during sexual intercourse, and the loca- 
tion of the majority of plaques in dorsal and ventral locations is consistent with the ven- 
trodorsal stresses that are inflicted on the penis during sexual intercourse. 


CONCLUSIONS 


Itis likely that, although trauma is an important contributor, alone it is unlikely to 
produce PD; it needs to be combined with other biological factors to result in the pro- 
found fibrotic reaction that leads to plaque development. 
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Fig. 8.1 mmunofluorescence photomicrograph (300<+). Thisimagedemonstrates p53 (stained green 
with FITC) in plaque-derived fibroblasts. N ote the sequestration of p53 within the cytoplasm of the 
cellsand the absenceof staining within thenuclei. T hisillustrates that p53 is stabilized and anchored 
within the cytoplasm. The mechanisms of this are unclear at this time. (See the companion DV D 
for color versions of the figure.) 


Failure of Fibrin Degradation 
RATIONALE 


The concept that fibrin accumulation leads to profound tunical scarring was put forth 
by Somers and Dawson (13). This was based on a pathological examination of plaque 
tissue from men with PD. It has been suggested that the avascular tunica albuginea fails 
to clear the fibrin deposited after intratunical microhemorrhages that occur on tunical 
delamination. Fibrin has been known to exert a profound desmoplastic reaction, and it 
is easy to see how such “fibrin trapping” might lead to plaque development (Fig. 5). 


Data 


Somers and Dawson examined plaque tissue for collagen, elastin, and fibrin content. 
The findings in PD plaque tissue were compared to the findings in control tunica and 
Dupuytren’s contracture tissue. Immunohistochemistry demonstrated that fibrin was 
presentin 95% of the plaque tissue and was notseen in the control tissues. T hese findings 
were confirmed using immunoblotting techniques for fibrin (13). These findings were also 
documented, although not as consistently, in Dupuytren’s contracture tissue. B ecause 
of these pathological findings, the U niversity of California at Los Angeles (UCLA) group 
has utilized fibrin injection into the rat tunica to develop a novel animal model. 


CONCLUSIONS 


Although the Somers and Dawson study (13) demonstrates the presence of fibrin in 
PD plaque tissue, it tells us little about its role or of the events that lead to fibrin depo- 
sition and, more important, the reason for the failure of fibrin degradation. At this time, 
the fibrin injection model in my opinion is a valiant effort but most probably does not 
represent PD. 
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Fig. 9.Photograph of aseverecombined immunodeficient(SCID) mouseinoculated with Peyronie’s 
disease plaque- derived transformed fibroblasts. N ote the two subcutaneous nodules present over 
the back and rump of the mouse. 


Collagen Alterations 
RATIONALE 


Suggesting collagen changes as asource of PD is easy to understand as this is essenti- 
ally scar formation with the tunica albuginea. This mechanism has been postulated as 
a contributor in other biologically similar conditions, such as proliferative scars. 


Data 


Pathologically, collagen deposition is increased in the tunica albuginea. Furthermore, 
there is disorganization of the native collagen bundles and a reduction in elastin fiber 
presence with disorganization (15). Using immunohistochemistry, Somers and Dawson 
demonstrated that plaque tissue had aberrantly stained collagen and disruption of elastin 
fibers in excess of 90% of specimens studied (13). It has also been shown that there is 
ashiftin the type of collagen deposited, from the predominant type! to type lll (16-18), 
although these findings have not been reported in a consistent fashion. 

Regardless of the upstream events involved in the pathogenesis of PD, itis clear that 
the development of fibrosis follows a pathway similar to wound healing, except that the 
normal termination signals are altered, resulting in excessive deposition of extracellular 
matrix (ECM ), whichis predominantly collagen, and destruction of normal tissue archi- 
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tecture and function. Thus, the dysregulated wound-healing process serves as the con- 
ventional paradigm for the study of this condition. 

Tissue injury initiates a complex cascade of events that involve the (1) activation of 
monocytes, macrophages, and platelets; (2) release of cytokines and growth factors; (3) 
fibroblast recruitment and proliferation; and (4) increased synthesis and decreased deg- 
radation of ECM. Great interest has been expressed in the study of factors involved in 
collagen degradation and synthesis, specifically matrix metalloproteinases (M M Ps) and 
tissue inhibitors of metalloproteinases (TIM Ps). There are several members of the col- 
lagenase (M M P) family, but it has been suggested that M M P-1, MM P-8, and MM P-13 
are the most important for wound-healing purposes (19,20). 

Coleetal. havebeen analyzing M M P andTIM P profiles of tunicaalbuginea(21). Latent 
collagenases have been present in tunica (plaque and periplaque) excised from young men 
but notin tunicaalbuginea from older men, suggesting that there may bean intrinsic defect 
in collagen degradation in the older population. TIM Ps are proteins that inhibit M M P 
activity and thus may have a direct impact on collagen degradation. The TIM P family 
has four members (TIM P-1, -2, -3, and -4). Cole etal. and Cole and L evine demonstrated 
thatTIM Ps are presentin plaquetissuein levels higher than in the perilesional tunica albu- 
ginea (21,22). Thus, a combined decrease in collagenase activity in the tunica albuginea 
of older patients along with higher TIM P levels in plaque may contribute to the unsuc- 
cessful repair of Peyronie's plaque that may contribute to this scar remodeling disorder. 


CONCLUSIONS 


Although in normal wound healing an as-yet unidentified mechanism terminates ECM 
production when healing is complete, in PD the well-orchestrated control mechanisms 
of normal wound healing are lost, which results in the characteristic fibrosis. W hether the 
collagen alterations described are representative of PD or just a fibrotic response to injury 
isunclear at this time. Future strategies may benefit from addressing collagen degradation, 
particularly manipulation of M M PsorTIM Ps. Atthetime of writing this chapter, industry 
had expressed some interest in the development of collagenase for intralesional injections. 
Trials have yet to commence. 


Genetic Predisposition 
RATIONALE 


M ost authorities agree that the majority of men suffering from PD are Caucasian. Thus, 
itis easy to see why interest exists in the concept that perhaps there is afamilial or genetic 
predisposition to this condition. Although familial clustering is uncommon in my prac- 
tice, aless-than-open discussion within the males of a family may account for such low 
reporting. 


Data 


Some reports have suggested either familial clustering or autosomal-dominant trans- 
mission of this condition (23). In 1982, Chilton et al. conducted a retrospective review 
of 408 patients and found a familial incidencein 1.9% of patients. In this study, there was 
also a 15.3% incidence of Dupuytren’s contracture in patients with PD. The authors thus 
stated that there was a 17% incidence of genetic causes of PD. This study has not been 
replicated in the modern era; therefore, it is uncertain what role genetics plays in this 
condition. 
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From a population genetics standpoint, there are anumber of reports assessing HLA 
linkage (24-29). Nachsteim and Rearden analyzed serum of 31 men with PD for class ll 
HLA antigens and compared the findings to 19 aged-matched urological patients as well 
as 75 organ donor cadavers believed to be representative of the general population (24). 
Using polymerase chain reaction (PCR) technology, the frequency of HLA-DQ5 was 
greater in patients with PD compared to controls (61 vs 19%), suggesting a role for an 
autoimmune component in this disorder. 

Ralph et al. performed tissue-typing in 51 patients with documented PD and founda 
significant association between PD and HLA-B27 (26). However, no significant asso- 
ciation was found with other HLA -B group antigens or HLA-Cw7, HLA -DR3, or HLA- 
DQ2. These last findings confirmed earlier work by Leffel et al. (30). Itis thus conceiv- 
able that penile trauma in a patient with a predisposing HLA type may be required for the 
development of a tunical plaque. Could the ethnic difference in the predilection for PD be 
accounted for by such asimple explanation? Itis likely that large cohorts of PD patients 
of multiethnic origin would need to undergo HLA typing to answer this question. 

Schiavino et al. demonstrated thatin patients with PD, 76% had at least one abnormal 
immunological test. 48% had an abnormality inT cell-mediated immunity and 38% had 
markers of auto-immune disease (29,31). Stewart et al. showed an increase in levels of 
antielastin serum antibodies in men with PD (31). Ralph etal. studied the sera of 100 men 
with PD forcirculating antibodies. Circulating anti penis antibodies werenot demonstrated 
in serum. Plaque tissue was also assessed and demonstrated the deposition of immuno- 
globulin M antibodies as well as T lymphocytes within the subtunical space (26). Thus, 
it appears that there are some features of autoimmunity present in a consistent fashion; 
in particular, it appears that cell-mediated immunity is altered in this condition. It is prob- 
able that this does not represent an intrinsic deficiency in theimmune system of patients 
with PD; rather, it is a local phenomenon confined to the tunica albuginea. 


CONCLUSIONS 


In my opinion, disbelief that thereis notsome genetic predisposition to PD is difficult. 
Itis likely that, where funding is available, further analysis of genetics and HLA typing 
in particular will occur. A bsent from the literature is a single population pedigree analy- 
sis in PD sufferers. This is a classic example of the disinterest level in this condition on 
behalf of grant-funding agencies. 


Infection 
RATIONALE 


In medicine, when adisease etiology cannot be explained, an infectious etiology is often 
postulated. Clearly, the tunica does not demonstrate any signs of a bacterial infection, 
but the issue remains unanswered (much in the way that modern theory pertaining to 
chronic pelvic pain disorder and even prostate cancer is unanswered), such that viral 
involvement has been postulated. 


Data 
There has been minimal exploration of the role of pathogens in this condition. Ralph 


et al. analyzed fecal, urine, and urethral samples for the presence of bacteria, including 
Yersinia, Salmonella, Shigella, Campylobacter, Gonococcus, and Chlamydia (26). Serum 
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titers were also assessed for antibacterial antibodies. All specimen cultures were nega- 
tive, and patients with PD failed to show any elevation of serum titers for anti-K lebsiella, 
anti-P roteus, or anti-Escherichia coli antibodies. 

Evidence supports a role for infectious agents in the development of atherosclerosis 
as well as the development of arterial restenosis following coronary artery angioplasty, 
conditions that biologically involve fibroblasts and fibrosis (32-36). In the latter con- 
dition, endoluminal trauma, such as that which occurs during balloon angioplasty, is 
believed to reactivate the implicated pathogens. This reactivation leads to hyperplastic 
growth of the fibroblasts within the arterial wall and subsequent fibrosis and arterial occlu- 
sion. The altered cell growth and the association with trauma make pathogen-associated 
arterial disease a potential model for the study of PD. 

For years, seroepidemiological evidence has supported a link between cytomegalo- 
virus (CMV) and atherosclerosis. Elevated CMV antibody titers are more common in 
patients undergoing surgery for atherosclerotic disease when compared to matched con- 
trol patients. CM V has also been implicated in the development of postangioplasty resten- 
osis, carotid artery intimal thickening, and accelerated atherosclerosis in patients with 
cardiac transplant. It has proven difficult to culture CM V (and herpesviridae in general) 
from atheromata. However, failure to culture virus particles does not preclude their 
involvement in the genesis of atherosclerosis. Indeed, there is excellent documentation 
Supporting a role for the herpesviridae in triggering diseases without persisting in an 
infectious form in the affected tissue. This has been termed the hit-and-run mechanism. 
Although CMV infiltrates endothelial cells and smooth muscle cells, it is well recog- 
nized that CM V has a particularly high affinity for fibroblasts. Preliminary work in our 
laboratory has identified CM V deoxyribonucleic acid (DNA) insomeof our PD plaque- 
derived fibroblasts using nested PCR techniques. Confirmation of these early results in 
all of our cell cultures will be required to confirm this as a possible contributor to the 
pathogenesis of the condition. If confirmed that CM V is presentin PD fibroblasts, further 
work will be required to define whether it represents an innocent bystander or if it plays 
a significant role in the genesis of plaque. 

More recent work has also implicated the pathogen Chlamydia pneumoniae in the 
pathogenesis of atherosclerosis (37). Although the evidence linking C. pneumoniae to 
atherogenesis is not as strong as that implicating CM V , there is evidence using a variety 
of techniques, including immunocytochemistry. The association of CMV and C. pneu- 
moniae with atherosclerotic arterial disease may representa model for PD because trauma 
to the semi-erect penis is believed to be the inciting eventin the pathogenesis of PD, and 
CMV in particular is reactivated by trauma. Figure 3 outlines a novel paradigm for the 
pathophysiology of PD. Penile trauma in a susceptible individual leads to activation of 
endogenous factors within the tunica albuginea that initiates a series of events that may 
include loss of suppressor genes or upregulation of promoter genes that eventuate in 
aberration in cell cycle regulator function. These changes result in biological transforma- 
tion of the fibroblasts within the tunica albuginea and lead to further alterations, including 
nitric oxide synthase (NOS) changes, cytogenetic instability, free-radical generation, 
and fibrogenic cytokine over-production. The conglomeration of these factors finally 
leads to unregulated ECM deposition, which develops into a plaque. Is it possible that 
trauma to tunica albuginea that is infiltrated with a dormant pathogen in a genetically 
predisposed individual (HLA associated) is the combination of factors that leads to 
plaque development? 
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CONCLUSIONS 


Using PCR, wehave conducted screening for anumber of DNA viruses, in particular 
herpes simplex virus (HSV) 1, HSV -2, HSV -7, Epstein-Barr virus, human papillomavirus, 
CMV,andBK andJC viruses. All have been negativeor only inconsistently positive. Thus, 
thereis no convincing data supporting viral involvementin PD, butit may be that our tech- 
nology is notsensitive enough to assess for prior viral infiltration of the tunica albuginea. 


F ree Radicals 
RATIONALE 


W here there is trauma, inflammation, and fibrosis, you will find the quest for free radi- 
cals. Free radicals include reactive oxygen species (ROS) and reactive nitrogen interme- 
diates (RN Is). The generation of freeradicals has been postulated in PD tissue(38).ROS 
are free radicals derived from oxygen and are highly oxidantin nature. ROS include super- 
oxide anion (O-), hydrogen peroxide (H202), and hydroxyl anion (OH-). RNIs include 
nitric oxide (NO) and peroxynitrite (OONO-). The presence of these free radicals is called 
a state of oxidative stress. The current understanding of the role of oxidative stress in PD 
isincomplete. Finally, there exist some data to support the use of antioxidants (vitamin E, 
Superoxide dismutase) in the treatment of PD; however, as with much of the data regard- 
ing medical therapy for PD, the results are mixed (39,40). 


Data 


M uch of the discussion regarding free radicals in PD is based on the documented cellu- 
lar response and the finding of round cells in PD plaque tissue on histological sections. 
There are data to support the presence of peroxynitrite overexpression in cavernosal 
tissue of men with PD as well as peroxynitrite overproduction in the rat model of PD. No 
data exist to date, however, to demonstrate that free radicals play a directrolein PD plaque 
tissueitself. Sikka and Hellstrom suggested thatR OS and R N Is function through the inter- 
mediary nuclear factor (NF)-«B by upregulating genes involved in fibrogenesis as well 
as the gene for NOS (38). 


CONCLUSIONS 


Currently, the exact role of free radicals in PD remains ill defined. Despite this, explor- 
ation into anti-free-radical therapies is occurring in a number of other disease states. 
Therefore, a more in-depth elucidation of their rolein PD may aid in the development 
of therapeutics for the condition. 


Cytokines 


RATIONALE 


Since the early observations of A lexis Carrel, who noted that substances within embry- 
onic juices affected cell proliferation, cytokines have been identified as ubiquitous. 
Cytokines are subdivided into proinflammatory (such as the interleukins), antifibrotic 
(suchas theinterferons), and profibrotic (41,42). Theprofibrotic or fibrogenic cytokines 
include tumor necrosis factor-~, TGF-B (Fig. 6), fibroblast growth factor (FGF), and 
platelet-derived growth factor (PDGF) families. The last function by increasing colla- 
gen production by fibroblasts as well as increasing fibroblast proliferation rates. 
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Data 


A number of workers have demonstrated the overexpression of cytokines in PD (5, 
8). Lue and associates evaluated the role of TGF-ßBin PD (10). The protein expression 
of growth factors TGF-ßB4, TGF-B., and TGF-B, was determined with Western blotting 
using a chemiluminescence detection system. They demonstrated that there was an 
increased expression of TGF-B, by PD tissue compared to control tunical tissue. They 
excised control tissue from men without PD atthetime of penile prosthesis implantation. 
No significant increase in expression of TGF-B» or TGF-B3 was demonstrated. TGF-f; 
protein expression was detected in 26 out of 30 tissue specimens from patients with PD 
and in only 1 tissue specimen from a patientin the control group. Histological examina- 
tion of the 4 patients with PD withoutT GF -B protein expression showed relatively healthy 
tunica with minimal ultrastructural changes. The authors contended that this finding sup- 
ported the hypothesis that TGF-f; is involved in the pathogenesis of PD. 

We have analyzed supernatants from cell culture for levels of basic fibroblast growth 
factor (bF GF) using an enzyme-linked immunosorbent assay (ELISA) (5). ELISA analy- 
sis demonstrated that plaque-derived fibroblasts produced fourfold more bFGF than fore- 
skin-derived fibroblasts. As bFGF is afibrogenic cytokine inducing the production of ECM 
by fibroblasts and is mitogenic for fibroblasts, the demonstration of its overexpression 
by PD plaque-derived fibroblasts suggests a role for this cytokine in the pathogenesis of 
PD. The University of California at San Francisco group demonstrated overexpression 
of monocyte chemoattractant protein 1 in plaque and normal tunicatissue from men with 
PD compared to control cells (43). Furthermore, they haveshown that monocyte chemo- 
attractant protein 1 is upregulated when cells are treated with TGF-B. Thus, thereis robust 
evidence to support a role for a number of fibrogenic cytokines in the pathogenesis of PD. 


CONCLUSIONS 


M anipulation of fibrogenic cytokine production has been explored experimentally in 
other conditions and represents a potential strategy in PD (44). 


Cytogenetic Alterations 


RATIONALE 


It has been appreciated for a long time that the development of plaque involves two 
contemporaneous events: the overexpression of ECM (collagen) and cellular fibroblast 
proliferation. PD plaque-derived fibroblasts exhibit greater cell proliferation rates than 
normal tunical cells. 


Data 


Because previous experiments by others in PD and the associated Dupuytren’s con- 
tracture have indicated macroscopic changes in specific chromosomes, exploration of 
cytogenetic alterations has been conducted in PD cultured fibroblasts. Cytogenetic stud- 
ies of fibroblasts grown from the related fibromatosis D upuytren’s contracture have also 
revealed chromosomal instability in the majority of fibroblasts from the fibrotic palmar 
fascia, specifically an increase in the number of copies of chromosomes 7 and 8, as well 
as deletions of the Y chromosomes. A number of studies have demonstrated that the dis- 
ease process occurring in Dupuytren’s contracture involved marked chromosome instabil- 
ity, particularly trisomy of chromosomes 7 and 8 (45,46). 
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Somers et al. examined, using karyotyping, cell cultures derived from PD plaque tis- 
sue, adjacent tunica, dermis, and lymphocytes in patients with PD and compared the results 
to cell cultures established from the tunica albuginea of control patients. Chromosomal 
abnormalities were detected in 7 of 12 PD patients (58%). Thus, the similarity in cyto- 
genetic findings between PD and Dupuytren’s contracture suggests the potential for a 
common pathway for the fibrosis that occurs in both of these conditions. Regardless of 
the inciting event, the pathological fibrosis that ensues is the result of the normal wound- 
healing process gone awry. 

Wehaveundertaken studies of numerical changes in specific chromosomes using fluo- 
rescentin situ hybridization (FISH; Fig. 7) (47). For these studies, we used probes to chro- 
mosomes 7, 8, 17, 18, X, and Y . These specific chromosomes were selected based on 
chromosomes that were aneusomic in Dupuytren’s contracture (45,46). On FISH micros- 
copy, wedemonstrated consistent aneusomies in PD plaque-derived fibroblasts compared 
to normal chromosomal complement in control fibroblasts. One of the other interesting 
findings is that these chromosomal aberrations are present in plaque-derived fibroblasts 
at very early passages; thus, itis probable that these alterations are present at the commence- 
ment of cell culture and do not represent culture artifact. The presence of aneusomies in 
early passage plaque-derived cells, combined with the absence of any cytogenetic insta- 
bility in either foreskin or normal tunica-derived fibroblasts, suggests that chromosomal 
instability in PD plaque-derived fibroblasts is notthe result of culture artifact and is there- 
fore likely to be significant. 

Wehave furthermore demonstrated in men with PD that fibroblasts derived from tunica 
extracted from an arearemotefrom theactual plaque also demonstrate cytogenetic changes, 
suggesting that PD may be afield defect of the tunica albuginea. This would suggest that 
the tunica of men with PD itself is predisposed to the development of this condition. The 
cytogenetic changes, however, are at the cellular level and are not systemic alterations. 
Itis again likely that these alterations are the result of upstream events that result in chro- 
mosomal instability. 

Other workers have explored cytogenetic changes in PD fibroblasts. Yamanaka et al. 
assessed DNA isolated from PD plaquetissue for loss of heterozygosity (LOH) and micro- 
satellite alterations (M SIs) (48). Using PCR technology, chromosomes 3, 8, and 9 were 
selected, and 20 different polymorphic markers were used to assess for MSI and LOH. 
Of the patients, 40% demonstrated M SI orLOH onatleast onelocus. These data confirm 
that cytogenetic instability is prevalent in PD tissue, and that it is probably more wide- 
spread throughout the plaque-derived fibroblast genome than previously demonstrated. 


CONCLUSIONS 


The therapeutic implications of these cytogenetic changes are not readily appreciable. 
It is probable that these data will more likely explain the biology of PD plaque-derived 
fibroblasts, which may in turn help us elucidate future pharmacological interventions. 


Cell Cycle Dysregulation 


Besides increased deposition of collagen, PD is characterized by cellular overprolif- 
eration. p53 is intrinsically involved in cell cycle regulation, apoptosis, and DNA damage 
repair pathways. A berrant p53 function leading to cell proliferation and immortalization 
has been implicated in benign and malignant proliferative disorders (49). Absence, 
alteration, or loss of function of this protein may allow damaged cells, normally halted 
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from passage through the cell cycle, to pass and proliferate, resulting in unregulated cell 
replication (Fig. 8). Using immunofluorescence, we have demonstrated cellular p53 
protein expression in PD plaque-derived fibroblasts but not in control fibroblasts (4). 
The difference in p53 expression between each individual plaque-derived cell culture 
and foreskin cells was highly statistically significant. The data clearly demonstrate the 
presence of p53 in plaque fibroblasts; foreskin fibroblasts demonstrated only a back- 
ground level of immunofluorescence, indicating no detectable p53. Immunoblotting con- 
firmed detectable levels of p53 in the PD plaque-derived fibroblasts (50). 

On flow cytometric analysis, theresponse of neonatal foreskin fibroblasts to irradiation 
was characterized by an expected increasein the percent of both G; and G/M populations, 
with a concomitant decrease in percentage of S-phase cells, demonstrating the presence 
of functioning cell cycle checkpoints. In contrast to these findings, plaque fibroblasts 
showed little changein cell cyclecompartments following 5-Gy y-irradiation, indicating 
that the p53 pathway is nonfunctional in plaque fibroblasts; thus, there is a lack of func- 
tioning cell cycle checkpoints in these cells (4). These data represent the first indication 
that there is an abnormality in the p53 pathway in plaque-derived fibroblasts. T his sup- 
ports previous findings from analyses of p53 function in other fibromatoses (51,52). The 
implications of p53 abnormalities in PD are unknown but potentially far-reaching. 

Inaconfirmatory study, high-passage PD plaque-derived fibroblasts were injected into 
mice with severe combined immunodeficiency (SCID) and demonstrated tumorigenic- 
ity (Fig. 9) (53). This finding illustrates that fibroblasts derived from PD plaque are 
biologically transformed, which in turn suggests that these cells havean altered genome, 
supporting a potential role for upregulation of proto-oncogenes, downregulation of sup- 
pressor genes, or inclusion of exogenous DNA into the cellular genome. Biologically trans- 
formed fibroblasts have higher proliferation rates, produce more collagen, and demon- 
strate chromosomal instability, all of which have been demonstrated in our cell culture 
model of PD. 

TheUCLA group has used microarray technology to assess for genes that are upreg- 
ulated in plaque tissue extracted from men with PD (6). This approach has been success- 
fully applied to other disease entities, including prostate disease, renal cell carcinoma, 
colon cancer, aging, and multiple sclerosis. MRNA levels were compared between plaque 
and normal tunica tissue using two distinct gene chips (Clontech and A ffymetrix). This 
group found several genes that were upregulated and asmall number that were downreg- 
ulated. In summary, the finding indicated that genes involved in matrix production (pro- 
collagenase IV ) and cell proliferation (c-myc, protomysoisn-6) were upregulated, and 
those involved in matrix degradation (elastase IIB ) were downregulated. The utilization 
of gene chips has allowed the development of “disease-related profiles,” which will fur- 
ther our understanding of the biology of this condition and may permit the development 
of novel therapeutics. 


CONCLUSIONS 


These data, although intriguing and representing elegant work, muchlikethecytokine 
data do little to explain the nature of PD and more likely explain the downstream events 
thatoccur oncethePD cascadehas been initiated. Itisinteresting that PD plaque-derived 
fibroblasts seem to actin such a dysregulated fashion and are tumorigenic in SCID mouse 
models, suggesting perhaps an inherent defect in these cells. This may in turn explain why 
some men are susceptible to this condition and others are not. 
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NOS and PD 


A great deal of interest has arisen in the role of NO and NOS in the pathophysiology of 
PD.Bothno and nos are well known to andrologists because of the role they play in erec- 
tilefunction. NOS hasthree varieties: neuronal (NOS-I), endothelial (NOS-II1), andinduci- 
ble(NOS-II) oriNOS (58). Thelastis produced by smooth muscle cells and macrophages, 
among other cell types. The production of iNOS is stimulated by cytokines (interleukin- 
1, TNF-B), interferon, endotoxin, and NF-«B (55). At supraphysiological levels, NO result- 
ing from iNOS upregulation starts to play a role as an oxidant generator. Peroxynitrite is 
a potent free radical and a poor vasorelaxant and can be generated from excess NO. The 
role of iNOS in wound healing is confusing. U nder certain circumstances, it promotes 
wound healing; under others, it may be fibrogenic and destructive. R ecent data suggest that 
mice deficient in iNOS experienced delayed wound healing. On the other hand, iNOS 
may play arolein fibrogenesis; for example, inhibition of iNOS decreases fibrosis in an 
animal model of collagen-induced arthritis. Bivalacqua et al. demonstrated increased 
levels of iNOS protein and decreased levels of endothelial NOS protein in the cavernosal 
tissue of men with PD (55). 

Vernet et al. explored the impact of NO on fibroblast differentiation in the rat model of 
PD (56). M yofibroblasts are presentin PD plaque and represent a distinct population of 
cellsin cells cultured from PD plaque tissue. These workers found that the myofibroblast 
population was increased in human PD plaque tissue as well as rat tunica after TGF-B 
injection when compared to control tunica. Furthermore, chemical inhibition of iNOS 
resulted in an increase in myofibroblast number, suggesting that iNOS may play some 
role in limiting the myofibroblast population in an effort to reduce tunical scarring and 
contraction. 

Thus, although defining the contribution of INOS and NO in the genesis of PD isin its 
embryonic stages and much work remains to be done, preliminary data indicate that there 
is probably a role for these factors in the pathophysiology of PD. The UCLA group has 
been interested in plasminogen activator inhibitor 1 (PAI-1). This factor is an inhibitor 
of fibrin clearance. U sing arat fibrin model of PD (14) (see Chapter 13), they have dem- 
onstrated that (1) PA 1-1 levels are elevated in the fibrin-injected animals compared to the 
Saline-injected animals, and that (2) PAI-1 levels are higher in PD cells and tissue com- 
pared to “normal” tunica albuginea using both immunohistochemistry and reverse tran- 
scriptase PCR (57). 


CONCLUSIONS 


NO and NOS havelong been targets for E D treatment, and itis possible that their manip- 
ulation in PD, for example through gene therapy or small interfering RNA interference 
technologies, may translate into an avenue worth exploring therapeutically. 


THE FUTURE 


Although weareat pointin time of the greatest basic science interest in this condition, 
weremain at a point far away from therapeutics that may be of benefit to patients. In my 
opinion, the greatest deficiency for the testing of novel therapeutics is the absence of an 
animal model that clearly and definitively represents PD (as opposed to penile fibrosis). 
In the words of the PD research pioneer Tom Lue: “Urologists are left with no research 
funding, no institutional support and no patient advocates in helping the fight against the 
disease. Nevertheless, armed with our scientific curiosity, innovative minds and sincer- 
ity to serve our patients we will eventually prevail” (58). 
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Evaluation of the Man 
With Peyronie’s Disease 


Jason M. Greenfield, Mp and Laurence A. Levine, MD 


SUMMARY 


The proper evaluation of the male patient with Peyronie’s disease (PD) involves a 
focused medical history as well as adetailed sexual history. Coupled with an extensive 
history of the disease, these components are crucial to the subjective assessment. The 
two main components of the objective assessment include the physical exam focusing 
on the penis, and evaluation of the patient at maximum erection with (preferred) or with- 
out duplex ultrasound. The most important component of the physical exam is assess- 
ment of the penis for length, deformity, and plaque. Erectile capacity is one of the most 
important parameters in the assessment of the man with PD. Duplex ultrasonography 
after injection with a vasoactive agentis the recommended means for evaluation of vas- 
cular flow parameters and erectile response, and it allows objective measurement of 
deformity in the erect state. The association between PD and erectile dysfunction has 
been firmly established. The patient’s response to pharmacological agents both before 
and after development of PD may factor into decisions regarding the direction of future 
therapy for both problems. Evaluation of the male with PD varies across clinical stud- 
ies, and no standard currently exists. This chapter provides a framework for obtaining 
the subjective and objective information for the man presenting with PD. 


Key Words: Duplex ultrasonography; erectile dysfunction; hinge-effect; penile cur- 
vature; penile deformity; penile shortening; Peyronie's disease. 


INTRODUCTION 
Despiteincreasing knowledge about Peyronie’s disease (PD), no standardized approach 


to the evaluation of the man with PD currently exists. Although numerous clinical trials 
of therapies are performed internationally each year, results are difficult to interpret 
because of lack of uniformity in the reporting of results. A validated questionnaire has 
yet to be established. In addition, the subjective and objective data on which the patient 
assessment should focus, and the methods of obtaining such data, have yet to be agreed 
on. If true strides areto be made in the management of PD , then homogeny must be estab- 
lished among researchers of this disease. The aim of this chapter is twofold. First, we 
review the subjective and objective parameters currently employed in the evaluation of 
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the man with PD. Second, we suggest an algorithm and patient questionnaire to aid in 
patient assessment and treatment. 


SUBJECTIVE ASSESSMENT 


The initial evaluation of the man with PD begins with the patientinterview.A detailed 
history should be taken that includes the duration and onset of the disease, inciting event 
(if any), and the presenting signs and symptoms (pain, deformity, erectile function). While 
recording the patient’ s subjective curvature deformity, the degree as well as thedirection 
of the curve should be noted. Although curvature is the most common presenting com- 
plaint, pain, other deformities of the shaft, and erectile dysfunction (ED) can be signifi- 
cantly distressing to the patient or may even be the primary concern. Regarding penile 
deformities other than curvature, patients may also admit to complaints of shaft narrow- 
ing, indentation, hinging, distal softening, and penile shortening. Prior therapies to which 
the patient has been exposed will also provide insight into the history of the patient’ s 
disease. Itis common for the man presenting with PD to have undergone atrial of atleast 
One oral therapy for PD before reaching the office. 

Duration of disease is an especially important point to elicit in the patient interview. 
W hen planning treatment for the patient’s disease, stability of the deformity is critical 
to establish before surgical intervention is considered. Lack of change in the patient’ s 
deformity as well as the duration of that stability should be investigated and recorded as 
part of the patient's history. 

Pain is another critical point in the patient interview. The pain each patient experi- 
ences can vary greatly between subjects. Patients may experience pain with touch, erec- 
tion, or intercourse. Pain may have resolved, be persistent, or acutely worsening, which 
may also yield information about the stability of the disease. It also is helpful to elicit 
the factors involved with the discomfort, including local inflammation or torque on the 
penis occurring during coitus but not with erection alone. 

A detailed general medical and sexual history is also indicated. The medical history 
should focus on identifying a history of trauma as well as a personal or family history 
of wound-healing disorders, including Dupuytren’s contracture. It is also important to 
identify vascular risk factors for ED, including hypertension, diabetes, hyperlipidemia, 
and smoking history. In terms of erectile function, baseline subjective rigidity should be 
assessed. Patients may grade their erections on a numerical scale (e.g., a 4-point scale) 
(1). Particular questions that can prove helpful in describing the extent of ED include, 
“Are your erections adequate for penetration?” as well as, “If your penis had no defor- 
mity, would your current rigidity be adequate for vaginal penetration and completion of 
intercourse?” 

Sexual function may be assessed using a validated questionnaire. One such question- 
naire is the International Index of Erectile Function (2). Wincze et al. proposed an addi- 
tional questionnaire that they called the E rection Quality Scale(3). Itis critical forthe ques- 
tionnaire to be done both before and after any therapy is instituted for PD. Consistency 
across Clinical trialsin terms of utilizing validated questionnaires (notto mention the same 
questionnaire) is severely lacking. In fact, in a review of 68 articles focusing on PD, only 
6% of the studies used any form of validated questionnaire (4). 

A strong relationship between PD and ED has been well established (5). A study by 
K adioglu etal. investigated the two diseases and their presentation inthe outpatient setting. 
Of 448 patients with PD, 16% were detected during a diagnostic workup for ED (6). This 
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represents a significant proportion of patients with an initial complaint of ED having PD 
as an incidental finding. 

Previous therapies used by the patient for ED may provide insight not only into the 
severity of ED but also into the cause of PD development in that individual. Examples 
of PD developing with the use of intracavernosal and injection therapies as well as com- 
mercial vacuum constriction devices are present in the literature (7,8). Although trauma 
isnotidentified as an inciting factor in all patients who present with PD, it should be inves- 
tigated in all patients who present with Peyronie’s. We suggest the use of a patient ques- 
tionnaire for all new patients presenting with PD to aid in the evaluation (Fig. 1). 


OBJECTIVE ASSESSMENT 


The first portion of the objective evaluation of the man with PD should be the physical 
exam. In addition to focusing on the genitourinary exam, attention should also be paid 
to the patient’s hands for evidence of Dupuytren’s contracture. Obviously, examination 
of the penis is critical. 

Penile length should first be measured. Although no standard exists for measuring 
penile length, itis our opinion that the best and most consistent manner in which to per- 
form this is by measuring the distance dorsally from corona to pubis with the penis on full 
stretch. It is important that pressure is applied to the suprapubic fat pad for an accurate 
measurement. M easurements done ventrally or with erection are difficult to reproduce. 

Objective evaluation is recommended to include routine penile duplex ultrasound with 
pharmacological stimulation, usually with an injectable agent, to induce a full erection 
similar to or better than that which the patient would normally experience during sexual 
arousal. This modality will allow for obtaining an objective measure of vascular flow 
parameters during erection and curvature as well as assess plaque characteristics and erec- 
tileresponse to intracavernosal injection. Although dynamic penile ultrasound is a desir- 
able study as it can provide a variety of useful information, the key objective measure 
to obtain is curvature. Therefore, if this modality is not available, direct physical evalua- 
tion of the erect penis using oral or injectable agents may be used. 

Curvature is perhaps the most important parameter in the assessment. D espite the fact 
that penile curvature is the hallmark of PD, thereis no consensus on how to measure cur- 
vature objectively. The subjective assessment given by the patient is not sufficient as the 
only means of reporting the deformity as discrepancy commonly exists between subjec- 
tiveand objective measurements. T he most reliable method of reporting curvature seems 
to be measurement with a protractor or goniometer by the physician or technician at the 
time of maximum erection. A commonly utilized and reported technique in the literature 
is the use of photography, either by the patient or physician. Conclusions and measure- 
ments of the patient’s deformity are then drawn from the photographs. This technique 
is not recommended because of its propensity for error and inconsistency. Vacuum- 
induced erections generally cause the shaft to appear straighter than it would normally and 
are therefore unsuitable for the objective assessment of curvature. This seems to be caused 
by extratunical girth created by the vacuum, which can mask curvature or indentation. 

As mentioned, both the degree and the direction of curvature are important to note 
during the exam. F irst, to assess changes after treatment properly, these parameters must 
be identified and compared to their pretreatment state. Direction of curvature has mul- 
tipleimplications. If a surgical straightening is considered, for example, in a patient with 
a ventral curve, then plications may need to be placed along the dorsum of the penis, 
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PEYRONIE’S DISEASE PATIENT QUESTIONNAIRE 


Date: 
Name: Age: Marital Status: 

PLEASE CIRCLE THE MOST ACCURATE ANSWER OR FILL IN THE BLANKS 
l. History 


1. When did you first notice the presence of Peyronie’s disease? 


2. Please number the order (1,2,3) in which the following symptoms occurred( if at all) 
(Pain) (Lump) (Curvature or Bend) 


3. Did the penile deformity occur: (Suddenly) (Gradually) 


4. Do you recall (Pain), (Injury) or (bending) of your penis during intercourse before developing Peyronie’s 
disease? (}No ( ) Yes, Please describe (i.e., Mis-thrust, Female on top): 


5. Do you recall any other injury to your Penis? ( ) No ( ) Yes (When did this occur and what was the 
nature of your injury?) 


6. Have you been treated for Peyronie's disease prior to this visit? ( } No ( ) Yes (Circle the treatment 
you received): (Vitamin E) (Potaba) (Colchicine) (Tamoxifen) 
(Injections: Verapamil, Interferon, steroids) (Anti-inflammatory medication) 

(Other): 


Did you note any benefit from this therapy? () No ( ) Yes: What? 


7. Are you currently undergoing treatment for Peyronie's disease? ( ) No ( } Yes (What treatment are 
you currently receiving?) 


8. Do you or a family member have a history of: (Dupuytren’s contracture) (Lederhose disease) (Any 
unusual scarring disorders) ( )No ( ) Yes (Who?): 


9. Has your penile curvature worsened over time? ()No (_ ) Yes: Is it stable now? (How long?) 


10. Would you describe your penile curvature as: ( }Up ( )Down ( )Left () Right 
Can you estimate the degree of curve? (Right angle is 90°, straight is 0°) 


11. Have you noticed any shrinking or loss of length of your penis? ( ) No ( ) Yes (Estimate how much in 
inches) 


12. Have you noticed any other deformity? ()No { ) Yes: (Circle all that apply) 

(Hinge effect at head) (Hinge effect at base) (Narrowing of shaft): Left Right 
(All around like hourglass) - where on shaft — (base) (mid) {end of shaft); 
(Softening of penis beyond lump/scar or curve) 


THE FOLLOWING QUESTIONS ASK YOU TO GRADE THE QUALITY OF YOUR ERECTIONS - 
PLEASE CIRCLE THE NUMBER THAT BEST DESCRIBES THE QUALITY OF YOUR ERECTIONS 

Use the following numbers (0-3) as a guide to describe the rigidity (hardness) of your penile erection when you are 
sexually aroused: 

(0) No Erection (1) Partial Erection not hard enough for penetration 

(2) Partial Erection hard enough for penetration (3) Full, rigid erection. 


13. Prior to developing Peyronie's disease, would you grade your erection as: 


(0) (1) (2) (3) 


14. How would you grade your erection over the past month? 


(0) (1) (2) (3) 


Fig. L Peyronie’ s disease patient questionnaire. 
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15. Do you have any difficulty now in maintaining your erection after penetration? ( )No { ) Yes 


16. Do you currently have an erection in the morning before you urinate? 
( No ( ) Yes (How often?) 
(0) (1) (2) (3) 


17. Do you currently ever awaken at night and notice an erection? 
( )No ( ) Yes (How often?) 
(0) (1) (2) (3) 


18. At present time, are you capable of having sexual intercourse? 
()No ()Yes 


19. What is your sexual partner preference? 
(Women) (Men) (Both) 


20. Currently do you experience pain in your penis during sexual activity? 
()No ()Yes 


21. Have you experienced pain in your penis at any time while you’ve had Peyronie's disease? ( ) Yes 
( ) No (At first but now gone) {From start till now) 


22. Does your partner experience pain during sexual intercourse due to the penile deformity? 
()No ( )Yes 


23. Do you have difficulty with penetration due to (Circle all that applies}: 
(Curvature) (Hinge effect) (Lack of firmness). 


24. Has the presence of Peyronie's disease has effected your relationship with your sexual partner? 
()No ( )Yes 


25. Do you feel the presence of Peyronie's disease has affected your emotional status? 
( )No ( )Yes 


26. Do you consider your current sexual desire/libido: (Normal) (Low) (High) 


27. Have you noticed any change in the sensation of your penis since developing Peyronie's disease? 
()No ()Yes (Decreased sensation) (Numbness) (painful sensation). 


28. Are you able to ejaculate? ( )No ( ) Yes (By what method-circle all that apply) 
(Intercourse) (Masturbation) (Oral sex) 


29. Are you troubled by rapid ejaculation? ( )No ()Yes  (Recently- only occasionally) 
(Consistently throughout lifetime) (Occasionally throughout lifetime) (Recently — almost always) 


30. Do you currently smoke? ( ) No ( ) Yes: (Cigarettes) (Cigars) (Pipes) How much and long? (Per 


day/week/month ) (For Years/Months} 

31. Have you smoked tobacco in the past? ( ) No ( ) Yes (How much : ) (For how long 
i ) (When did you quit ) 

32. Do you currently consume alcoholic beverages? ( )No ( ) Yes: (wine) (Beer) (Other) How much: 
(Rarely) ( Drinks per day) ( Drinks per week) ( Drinks per month). 

33. Have you in the past consumed alcoholic beverages? ( )No ( ) Yes: (wine) (Beer) (Other) 
How much: (Rarely) ( Drinks per day) ( Drinks per week) ( Drinks per 
month) 

When did you stop: (Have a history of alcoholism) 


34. Are you presently taking medication prescribed by any doctor? { )No ( )Yes 
(Please list all — Include aspirin, etc.): 


35. Do you have a history of any of the following (even if under control with medicine)? (Circle all that apply): 
(Diabetes) (High blood pressure) (Elevated cholesterol) (Coronary heart disease) 
(severe straddle injury) (Back trauma/ Surgery) 

(Any other vascular disease; if yes, what : ) 
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where injury to nerves may occur. Our investigation into penile shortening following 
tunica albuginea plication for penile curvature demonstrated that a ventral curve, with 
or without a lateral component, predisposes the patient to the greatest risk of significant 
penile shortening. Finally, degree of curvature also can guide the surgeon into whether 
plaque incision or excision with grafting may be necessary. It has been recommended 
that this more complex technique be considered for the man with acurvature greater than 
60°, significant hourglass deformity causing hinge effect, and full erectile capacity (9). 

Penile deformity may be noted on physical exam, especially during pharmacologi- 
cally induced erection. Although it may be noted as an important complaint during the 
patient interview, there is currently no validated objective measurement of narrowing 
of the penile shaft. Techniques that may be considered include measuring shaft circum- 
ference with a flexible ruler or string during erection. Points of maximum and minimum 
circumference should be noted. Axial stability and hinging of the penis can only be 
assessed during an erection. 

The existence of a palpable plaque and its characteristics should also be noted. In 
some patients, identification of a discrete plaque may be difficult. Some patients with PD 
may also exhibit hypertrophy of the septum between the paired corpora cavernosa. It is 
unclear at this time whether hypertrophic tissue is an extension of the plaque contribut- 
ing to the deformity. Characteristics of the plaque that may be noted on physical exam 
may include plaque size, location, tenderness to palpation, and texture (calcification). 
Interestingly, plaque size has been commonly reported in clinical trials as a marker for 
successful treatment. H owever, plaque size in itself has yet to be proven as a reliable indi- 
cator of a reduction in penile deformity and patient satisfaction. 

Part of the problem is that plaque size is difficult to measure or estimate. Plaques may 
have extensions in multiple directions that are difficult to identify by physical exam or 
other imaging modalities. The typical plaque is not discrete or uniform in thickness. 
Length, width, and depth of the plaque may all be variable. Estimating size with a ruler 
or caliper is likely the best technique but probably offers little significance in terms of 
assessing treatment options or treatment outcome. The presence of plaque calcification 
is best determined with a xeroradiograph or ultrasound. Although theimplications of the 
presence of calcifications have yet to be fully elucidated, it has definite valuein deciding 
on treatment options, especially in the case of nonsurgical treatment. This is because 
extensive platelike calcification rarely responds to medical therapy, including injec- 
tions, whereas “stippled” calcification may not interfere with potential treatment benefit. 

Although the exact characteristics of the penile plaque may offer little benefit, its pres- 
encein the man who isnot presenting with PD asa chief complaint may be. F or example, 
in a study, 534 men who presented to a urologist’s office for prostate cancer screening 
underwent physical exam for evidence of a palpable penile plaque (10). Forty-eight patients 
(9%) wereidentified with plaque. In addition, these men with PD were also found to have 
significantly lower reported scores on the Sexual Health Inventory for M en question- 
naire. This study adds to the suggestion thatPD isnot an uncommon finding in the patient 
presenting to the urologist’ s office with a complaint other than PD and should be consid- 
ered to be a routine part of the general genitourinary exam. 

The benefit of various imaging modalities in the evaluation of the man with PD has 
yet to be firmly established. In 1998, A ndresen et al. examined various imaging modali- 
ties in 20 patients with PD (11). All patients underwent autophotography as well as ultra- 
sound, plain x-ray using the two-plane technique similar to mammography, computed 
tomography (CT), and magnetic resonance imaging (M RI). Penile deviation was best 
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assessed using plain x-ray in mammography technique. Of the 12 patients with calcified 
plaques, the calcification was noted in all patients with each imaging technique with the 
exception of M RI, which only identified 9 patients (75%). Theimaging modalities able 
to identify thickening of the tunica albuginea were ultrasound, CT, and MRI (87.5, 25, 
and 75%, respectively). The only imaging modality that was able to identify periplaque 
inflammation was MRI coupled with gadolinium diethylenetriaminepentaacetic acid 
(gd-DTPA). 

The final component of the objective assessment that must be addressed is erectile 
capacity. A gain, this parameter is assessed both during the patient interview and during 
the objective assessment with duplex ultrasound and vasoactive injection. However, it 
is critical to realize that this assessment is important to the evaluation of the patient both 
before and after treatment. During the assessment of the pharmacologically induced 
erection, the patient’s response should be noted with a numerical scale as well as the 
amount/number of doses required to achieve maximum erection. How the rigidity com- 
pares to the erection “at home” should also be graded independently by the patient (i.e., 
better, same, worse than at home). Objective estimates of erectile capacity may offer 
benefit, especially during counseling and decision making for further treatment (9,12). 
Werecommend the use of a standard form for all patients undergoing dynamic duplex 
ultrasonography; an example is included in this chapter (Fig. 2). 


CONCLUSIONS 


Subjective and objective evaluations of the malewith PD vary across clinical studies, 
and no standard currently exists. The subjective parameters elicited during the patient 
interview may vary, and a standard questionnaire has yet to be agreed on universally. A 
focused medical history as well as a detailed sexual history and history of the disease are 
crucial to the subjective assessment. T he presence and description of curvature, pain, shaft 
deformity, and ED are all crucial points to be investigated. These areas must be inves- 
tigated at each patient visit and are especially important to document before and after 
therapy is instituted. A ssessing for the presence of PD in the patient presenting to the 
urologist’s office with a seemingly unrelated chief complaintshould also be considered, 
especially in the case of a patient with ED. 

The two main components of the objective assessment are physical exam and evalu- 
ation of the patient at maximum erection with (preferred) or without dynamic duplex 
ultrasound. The physical exam should include a focused general exam with special 
attention to the hands as well as a comprehensive genitourinary exam. The most impor- 
tant component of the physical exam is assessment of the penis for length, deformity, 
and plaque. Penile length should be measured with the penis on full stretch and by mea- 
suring along the dorsal shaft from pubis to corona as this is the most consistently repro- 
ducible method. Deformities and curvature are best assessed during maximum erection. 
Direction and degree of curvature should be noted and are most consistently measured 
with a protractor or goniometer by the physician or technician performing the study. 
Plaque can be assessed both by physical exam or duplex ultrasonography. The value of 
plaque size in the evaluation has yet to be established. Other studies, such as plain x-ray, 
CT, and MRI, yield additional expense without proven benefit. 

Erectile capacity is one of the most important parameters in the assessment of the 
man with PD. Duplex ultrasonography after injection with a vasoactive agent is the rec- 
ommended means for evaluation of vascular flow parameters and erectile response. The 
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PENILE DUPLEX ULTRASOUND REPORT 


Personal Information and Health History: 


Name: Date: 

Age: Physician: 

HTN: DM: Smoker: ETOH: 
Cardiac Hx: Other: 

Medications: 

Erectile Dysfunction: Peyronie’s Disease: 


Procedure Data: 


Injected drug: ( Papaverine / PGE1 / Tri-mix } Dose: Re dosing: 
Deep Cavernous Arterial Diameter 
LEFT: RIGHT: 
Before Injection: mm mm 
After Injection: mm mm 


Flow Velocity Information: 

Initial Response < 5 minutes (Tumescence phase) 
Peak Systolic (cm/sec) End Diastolic (cm/sec) RI 

LEFT 

RIGHT, 


Post Stimulation - Manual +/- Visual (Rigidity Phase) 


LEFT 
RIGHT. 
Other Data: 
Procedure Response Erectile Response 
Hematoma Maximum Rigidity by technician/MD (0 - 10 scale) 
Dizziness Initial Response / 
Pain Maximum Response / 
Pulsatility (0 - 4 scale) Reversal (necessary +/-; drug to reverse/dose) 
Plaque dimensions L WwW D 
Curve (by protractor at max erection) L R Dorsal/Ventral ___ 
Findings: a) calcification Compared to Home Erection (by patient}: 
b) narrowing/indention — location ( same / better / worse) 
c) circumference - at base at narrowed area 


proximal to corona 
d) hinge effect 
e) dorsal artery perforators 


Impression: 


Fig. 2. Penile duplex ultrasound report. 


association between PD and ED has been firmly established. The patient’s response to 
pharmacological agents both before and after development of PD may factor into deci- 
sions regarding the direction of future therapy for both diseases. 

Examples of documentation that may be used in the subjective and objective assess- 
ment of the patient with PD are included in this chapter. Consistency in this evaluation 
across practicing urologists is crucial for promoting and furthering our knowledge of this 
disease. 
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6 Oral Treatment of Peyronie’s Disease 
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and Patrick E. Teloken, ms 


SUMMARY 


This chapter reviews the possible effectiveness of oral agents as an option for treat- 
ment of Peyronie’s disease (PD). We present the rationale for use of these drugs and 
base our recommendations on levels of published evidence and the report by the I nter- 
national Consultation on Urological Diseases. A definitive and ideal medical therapy 
for PD has yetto be established and will not be until we completely understand the trigger 
mechanism and the maintenance process of fibrosis in the tunica albuginea. Several oral 
substances have been proposed with promises of success; however, these agents appear 
to lack robust scientific support for their benefit. Until new evidence is available, the 
indications for oral treatmentin PD are recent onset of disease, painful plaque, and un- 
stable plaque. An early trial of inexpensive, safe, and well-tolerated oral therapy may 
be offered with limited enthusiasm for a positive outcome. 


KeyWords Conservative management; medical treatment; oral treatment; Peyronie's 
disease. 


Peyronie’s disease (PD ) has been challenging researchers since its description in 1743. 


PD is possibly a malfunction of the scarring process in the tunica albuginea, resulting 
in fibrosis and calcification of the tunica. The result of this process in some patients is 
penile bending, pain, and nodule formation. The usual course of PD has two distinct 


clinical phases: (1) early phase, in which the plaque is new, still in formation, and in- 


flammation is noticeable; (2) late phase, in which plaque is relatively stable. Fibrosis 


predominates, and some cases progresses toward calcification. 
Despite progress in the research for a precise etiology of PD, we still do not completely 
understand the trigger mechanism and the maintenance process of fibrosis in the tunica. 
The consequence of this limitation is the absence of an ideal medical treatment for PD. 
Several new approaches have been proposed to ameliorate the disease, although a defin- 
itive medical therapy for PD has yet to be established. 
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Table 1 
Levels of Evidence and Grades of Recommendation Utilized in This Chapter 
Level of evidence Commentary 
1 Usually meta-analysis of RCT or good-quality RCT 
2 Low-quality RCT (<80% follow-up) or meta-analysis of good- 
quality prospective cohort studies 
3 Good-quality retrospective case-control studies with appropriately 


matched control 
Good-quality case series 
4 Expert opinion 


Grades of recommendation 


A 
Highly recommended Based on level 1 studies, exceptionally level 2 high-rated studies 
B 
Recommended Based on consistent level 2 or 3 studies or majority evidence 

from RCT 

C 

Optional Based on level 4 or majority evidence from level 2 or 3 studies 
D 
Not recommended No evidence or conflicting results; no recommendation is 

possible 


RCT, randomized controlled trials. (Adapted from ref. 3.) 


Until new evidence is presented, the indications for oral treatmentin PD areas follows: 
(1) recent onset of disease; (2) pain in the plaque; (3) nonstable plaque; and (4) contrain- 
dication to surgery. Because the early stage of disease is reputed to respond better than 
well-established plaques, an early trial of inexpensive, safe, and well-tolerated oral 
therapy is often initially recommended (1). However, in a case without symptoms and 
palpable plaque, there is no scientific agreement that any intervention is necessary other 
than observation. 

Oral treatment for PD requires more robust evidence of effectiveness given by 
randomized controlled trials (RCTs) (2). In this chapter, the levels of evidence and rec- 
ommendations are based on the International Consultation on Urological Diseases 
(Table 1) (3). 


PROCARBAZINE 


Pharmacology 


Procarbazine hydrochloride, a methyl! hydrazine derivative, is primarily an antineo- 
plastic agent (4). There is evidence that the drug may act by inhibiting the synthesis of 
proteins, RNA, and DNA. In addition, procarbazine may directly damage the DNA. Pro- 
carbazine is rapidly and completely absorbed following oral administration, metabo- 
lized primarily in the liver and kidneys, and excreted in the urine. The main toxic effect 
of the drug is bone marrow suppression, resulting in leukopenia, anemia, and thrombo- 
cytopenia. Hematological, gastrointestinal, neurological, cardiovascular, ophthalmic, 
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Table 2 
Procarbazine vs Vitamin E: 
Randomized, Single-Blind, Crossover Study (7) 


Improvement 
50 mg procarbazine 200 mg vitamin E 
twice daily, 3 mo three times daily, 3 mo 
Curvature 9% 37% 
Curvature resolution 0 6.45% 
No change 86.3% 61.2% 
Curvature worsening 4.5% 0 


respiratory, genitourinary, musculoskeletal, and endocrine adverse effects may occur 
(5). Nausea and vomiting are the most commonly reported side effects. B ecause of its 
action in mitosis and meiosis, azoospermia and infertility are potential side effects of the 
drug. 

Because procarbazine hydrochloride possesses some monoamine oxidase (M A O) 
inhibitory activity, sympathomimetic drugs (including those in nose drops and cough 
preparations), local anesthetics, tricyclic antidepressants (e.g., amitriptyline hydrochlo- 
ride, imipramine hydrochloride), and other drugs and foods with known high tyramine 
content such as cheese, bananas, yogurt, tea, coffee, wine and coladrinks, and cigarettes 
should be avoided. Procarbazine is contraindicated in patients with known hypersensi- 
tivity to the drug or inadequate marrow reserve. 


Rationale for Use in Peyronie’s Disease 
Procarbazine inhibits the proliferation of rapidly dividing fibroblasts (6). 


Scientific E vidence 


Procarbazine was first utilized for the treatment of PD in the 1970s (2). In an open- 
label crossover study, 34 men were randomly assigned to receive procarbazine (20 mg 
twice daily) or vitamin E (200 mg three times daily) for 3 mo and after the other drug 
(Table 2) (7). Pain, deformity, lump, ease of penetration, and intercourse were assessed. 
Vitamin E was superior to procarbazine; however, because there was no placebo group, 
we cannot state that procarbazine has no effect in PD. M oreover, only 67% of patients 
completed the study. Procarbazine is probably not useful in PD because side effects are 
frequent (grade C). 


VITAMIN E 
Pharmacology 


Vitamin E, a fat-soluble vitamin, is present in many foods, and wheat germ is a rich 
source of this substance. Vitamin E is metabolized in the liver and excreted in bile. The 
exact biological function of vitamin E in humans is still under investigation. Vitamin E 
has antioxidant properties, itis involved in the digestion and metabolism of polyunsatu- 
rated fat, in the reduction of platelet aggregation and blood clot formation, in the pro- 
motion of normal growth, in the development of muscle tissue, and in the synthesis of 
prostaglandin (8). 
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Table 3 
Vitamin E vs Placebo: 
Randomized, Double-Blind Crossover Study (10) 


Improvement 


200 mg vitamin E 
N three times daily, 3 mo Placebo 


Pain 14 5a (35.7%) 1 (7.1%) 
Curvature 38 3 (7.89%) 0 
Erection quality 39 0 3 (7.69%) 
Penetration 35 3 (8.57%) 5 (14,2%) 
Ability to have sex 35 5 (14.2%) 3 (8.57%) 


aT wo additional patients improved but stopped attending. 


Vitamin E increases hypoprothombinemic response to oral anticoagulants, especially 
in doses higher than 400 IU /d. T hus, care should be taken when used concomitantly with 
oral anticoagulants. 

Usual dosage in PD is 800-1000 IU/d (5). 


Rationale for Use in Peyronie’s Disease 
The antioxidant activity of the drug could have some benefit in PD. 


Scientific E vidence 


Scott and Scardino proposed the use of vitamin E in 1948 (9). A randomized, double- 
blind, crossover, placebo-controlled trial was published in 1983 (10). Sixty men received 
randomly vitamin E (200 mg) or placebo three times daily for 3 mo each (Table 3). 
Patients were evaluated monthly based on theseverity of symptoms (pain, deformity, qual- 
ity of erection, capacity of penetration, and coitus). Only 40 patients completed the study 
(67%), and vitamin E was not different from placebo with the possible exception of the 
improvement of pain. Despite lack of scientific evidence of its action in PD, vitamin E 
is inexpensive, safe, and widely utilized (grade C). 


PARA-AMINOBENZOATE POTASSIUM 


Pharmacology 


Para-aminobenzoate (Potaba™ ) is considered a member of the vitamin B complex. 
Small amounts are found in cereal, eggs, milk, and meats. Detectable amounts are nor- 
mally present in human blood, spinal fluid, urine, and sweat. Para-aminobenzoate is a 
component of several important biological systems, and it participates in a number of 
fundamental biological processes (4). It has been suggested that Potaba exerts an anti- 
fibrotic effect by means of an unknown mechanism. It has been postulated that fibrosis 
results from an imbalance of serotonin and MAO mechanisms at the tissue level. Fibro- 
sis is believed to occur when an excessive serotonin effect is sustained over a period of 
time. This could be the result of too much serotonin or too little M A O activity. A mino- 
benzoate potassium increases oxygen utilization at the tissue level. It has been suggested 
that this increased oxygen utilization could enhance the degradation of serotonin by 
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Table 4 
Potaba Trial in PD: 
Randomized, Double-Blind, Placebo-Controlled (13) 


3 g Potaba 
four times daily, 12 mo Placebo 
N Improvement N Improvement 
Pain 8 6 (75%)? 14 6 (43%) 
Curvature 20 2 (10%) 21 3 (14%) 
Plaque size 20 10 (50%) 21 7 (33%) 
Ability to have sex 20 6 (30%) 21 3 (14%) 


aStatistically significant difference. 


enhancing MAO activity or other activities that decrease the tissue concentration of 
serotonin (4). 

B ased on areview of this drug by theN ational A cademy of Sciences-N ational R esearch 
Council, the Food and Drug Administration has classified the indications as follows: 
potassium aminobenzoate is possibly effective in the treatment of scleroderma, derma- 
tomyositis, morphea, linear scleroderma, pemphigus, and Peyronie’s disease. 

Although infrequent, adverse reactions include anorexia, nausea, fever, and rash; 
they subside with the suspension of the drug. Desensitization can be accomplished and 
treatment resumed as necessary. Potaba should not be administered to patients taking 
sulfonamides, and care should be taken in patients with renal disease. 

Theaverage adult daily dose of Potabais 12 g, usually given in four to six divided doses. 
Tablets must be taken with an adequate amount of liquid to prevent gastrointestinal upset (5). 


Rationale for Use in Peyronie’s Disease 


Because fibrosis of the tunica albuginea is a component of PD, Potaba could reduce 
fibrosis by increasing the oxygen supply atthe tissue level and enhancing M AO activity. 


Scientific E vidence 


Zarafonetis and Horrax utilized Potaba in 1959 (11). Initially, a small, blinded study 
suggested it to be efficacious (12). 

A multicenter RCT with 60 men compared 12 mo of treatment with 4 g Potaba three 
times a day and placebo. The final report of this study never was published; however, 
a preliminary report of the outcome for 41 men showed no benefit of the active treatment 
except for the possible improvement in pain (Table 4) (13) (level 2). 

Another RCT published in the form of an abstract demonstrated less worsening of 
symptoms in the treatment group and no difference in improvement of pain (14). 

Weidner etal. performed an RCT comparing Potaba 12 g/d to placebo in 103 men with 
PD for less than 12 mo, noncalcified plaques, and without previous treatment. A fter 12 
mo of therapy, no relevant difference in the improvement of preexisting penile deviation 
was found. However, Potaba exerted a significant protective effect with regard to new 
development or deterioration of penile curvature (15) (level 2). 

Potassium para-aminobenzoate appears to be useful for stabilizing the disorder and pre- 
venting progression of penile curvature. 
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Nonetheless, treatment with Potaba is costly and its high rate of side effects probably 
limit its use in PD (grade C). 


TAMOXIFEN 


Pharmacology 


Tamoxifen citrate, a triphenylethylene derivative, is a nonsteroidal agent that has 
demonstrated potent antiestrogenic properties in animals. The antiestrogenic effects may 
be related to its ability to compete with estrogen for binding sites in target tissues such as 
breast. Tamoxifen inhibits the induction of rat mammary carcinoma and exerts its anti- 
tumor effects by binding to the estrogen receptors (4). 

Tamoxifen is extensively metabolized after oral administration. Fecal excretion isthe 
primary route of elimination. 

Decreases in platelet counts, leukopenia, neutropenia, and pancytopenia have been 
occasionally reported. A Iterations in hepatic enzymes and increase in serum concentra- 
tions of thyroxine (T 4) were observed in a few patients. Elevated thyroxine is possibly 
a result of an increase in thyroid-binding globulin; however, clinical hyperthyroidism 
has not been reported. Infrequent cases of hyperlipidemia have been reported (5). 

Loss of libido and impotence have been reported in some male patients. In oligosper- 
mic men who were receiving tamoxifen therapy, increased luteinizing hormone, folli- 
cle-stimulating hormone, testosterone, and estrogen concentrations were reported. B ecause 
tamoxifen and its metabolites are potent inhibitors of cytochrome P450 mixed-function 
oxidases, there is a potential for interaction with medications that require mixed-function 
oxidases for activation (4). 

W hen tamoxifen citrate is used in combination with coumarin-type anticoagulants, 
a significant increase in anticoagulant effect may occur, and careful monitoring of the 
patient's prothrombin time is recommended. In vitro studies showed interactions with 
erythromycin, cyclosporin, nifedipine, and diltiazem. However, the clinical significance 
of these in vitro studies is unknown. 

Appropriate studies of the relationship of age to the effects of tamoxifen have not been 
performed in the geriatric population. 


Rationale for Use in Peyronie’s Disease 


Tamoxifen is a synthetic nonsteroidal antiestrogen that inhibits keloid fibroblast pro- 
liferation and collagen production because of decreasing in vitro transforming growth 
factor-B production (16,17). 


Scientific E vidence 


Inthe initial study of the use of tamoxifenin PD in 1992 , Ralph and coworkers utilized 
the drug (20 mg twice daily) without controls in 36 men (18). Improvements in pain (16 
of 20 patients), erectile deformity (11 of 31 patients), and plaque shrinkage (12 of 35 
patients) were reported. Patients with a history of disease of less than 4 mo obtained better 
response. On the other hand, Teloken and coworkers, in a double-blinded controlled 
report utilized tamoxifen (20 mg twice daily) in 25 patients in the late stage of disease 
(mean 20 mo). The authors did not demonstrate any therapeutic advantage of tamoxifen 
over placebo (Table 5) (level 2 evidence) (19) (grade C). 
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Table 5 
Tamoxifen vs Placebo: 


Randomized, Double-Blind, Placebo-Controlled (19) 


20 mg tamoxifen 


twice daily, 3 mo Placebo 
N Improvement N Improvement 
Pain 6 4 (66%) 4 3 (75%) 
Curvature 13 6 (46%) 12 5 (42%) 
Plaque size 13 4 (31%) 12 3 (25%) 
COLCHICINE 
Pharmacology 


Colchicine, a phenanthrene derivative, is an antigout drug obtained from species of 
Colchicum and apparently exerts its effect by reducing the inflammatory response and 
diminishing phagocytosis. Following oral administration, this agent is absorbed from the 
gastrointestinal tract and is partially metabolized in the liver. The drug and its metabo- 
lites reenter the intestinal tract via biliary secretions, and the unchanged drug may be 
reabsorbed from the intestine. Plasma concentrations of colchicine and its metabolites 
decline at 1-2 h after ingestion and then increase, probably as a result of reabsorption of 
unchanged drug. A fter reabsorption, itis rapidly removed from theplasma, distributed into 
various tissues and concentrated in leukocytes. The drug and its metabolites are also 
distributed into other tissues, including kidneys, liver, spleen, and intestinal tract but 
appear to be absent in heart, skeletal muscle, and brain (8). 

Colchicine is contraindicated in patients who have serious gastrointestinal, hepatic, 
or cardiac disorders, and reduction in dosage is indicated if weakness, anorexia, nausea, 
vomiting, or diarrhea occurs. Colchicine should not be given in the presence of com- 
bined renal and hepatic disease. Daily dosage of oral colchicine should not exceed 0.6 
mg in patients with serum creatinine concentrations of 1.6 mg/dL or greater or creatinine 
clearances of 50 mL/min or less; some patients can be adequately treated with 0.6 mg 
every other day (4). 

Colchicine has been shown to induce reversible malabsorption of vitamin B 2, appar- 
ently by altering the function of ileal mucosa. 

A dverse reactions to colchicine appear to be a function of dosage. The possibility of 
increased colchicine toxicity in the presence of hepatic dysfunction should be consid- 
ered. The appearance of peripheral neuritis, muscular weakness, nausea, vomiting, abdom- 
inal pain, diarrhea, urticaria, aplastic anemia, agranulocytosis, thrombocytopenia, derma- 
titis, purpura, or alopecia may require reduction of dosageor discontinuation of the drug. 
B ecause geriatric patients may have decreased renal function and because patients with 
renal impairment appear to be at increased risk of colchicine-induced toxicity, assess- 
ment of renal function should be performed in any aging patient for whom therapy is 
contemplated and initial dosage should be reduced and appropriate precautions initiated 
accordingly (8). 

Colchicineis inexpensive and reasonably well tolerated, but approximately one-third 
of patients will have diarrhea. If used in patients in the early stage, the dosage is 0.6 mg 
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three times a day with meals. A ccording to most authors, the higher daily dose should not 
exceed 2.4 mg. 


Rationale for Use in Peyronie’s Disease 
Four mechanisms of action have been identified (6): 


1. Colchicine binds to tubulin and causes it to depolymerizeand subsequently inhibits mobil- 
ity and adhesion of leukocytes. 

2. It inhibits cell mitosis by disrupting the spindle fibers. 

3. Itblocks thelipoxygenase pathway of arachidonic acid metabolism, thus diminishing che- 
motaxis and inflammatory response. 

4, It interferes with the transcellular movement of protocollagen. 


By these means, colchinehas antifibrotic, antimitotic, and anti-inflammatory activities. 


Scientific E vidence 


Dominguez-M alagon and coworkers utilized colchicine in three patients with fibro- 
matoses, including one with PD (20). Early treatment with colchicine ameliorates a 
Peyronie-like condition in an animal model (21). In an uncontrolled pilot study, A kkus 
and coworkers demonstrated reduction of plaque size (12 of 24 patients), pain relief (7 
of 9 patients), and improvement of penile curvature (7 of 19 patients) (22). Interestingly, 
some patients receiving high doses of colchicine for the treatment of familial M editer- 
ranean fever developed PD (23). 

In an uncontrolled study of 60 men with early disease (mean 5.7 mo) treated with 0.5 
mg three times daily, colchicine improved the pain and ameliorated the deformity in 95 
and 30% of the patients, respectively (24). 

A single RCT studied 84 patients with noncalcified plaque (25). The mean disease 
duration was 15 mo, and patients received 0.5-2.5 mg of colchicine and placebo. O bjec- 
tive evaluation of the plaque and symptoms failed to demonstrate any action of colchicine 
(Table 6). 


COLCHICINE PLUS VITAMIN E 


Scientific E vidence 


Prieto Castro and coworkers in asingle-blind study compared theuse of 1 mg colchicine 
twice daily plus 600 mg vitamin E twice daily vs 200 mg ibuprofen twice daily for 6 mo 
in patients with PD in the early stages (time from onset <6 mo), penile curvature of less 
than 30°, and no erectile dysfunction (26). Plaque size and penile curvature significantly 
decreased in the group receiving colchicine plus vitamin E; however, pain relief was not 
different (Table 7) (level 2). 


CARNITINE 


Pharmacology 


L evocarnitine (L-carnitine) is a naturally occurring substance required in mammalian 
energy metabolism. It has been shown to facilitate long-chain fatty acid entry into cel- 
lular mitochondria, thereby delivering substrate for oxidation and subsequent energy pro- 
duction. Fatty acids are utilized as an energy substrate in all tissues except the brain. In 
skeletal and cardiac muscle, fatty acids are the main substrate for energy production (4). 
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Table 6 
Colchicine vs Placebo: 


Randomized, Double-Blind, Placebo-Controlled (25) 


0.5-2.5 mg 
colchicine daily, Placebo, 
4 mo 4 mo 
Improvement 
Pain 60% 63.6% 
Curvature change 17.1% 18.4% 
Plaque size 10.5% 10% 
Table 7 


Vitamin E Plus Colchicine vs Ibuprofen: Randomized, Single-Blind (26) 


300 mg vitamin E 
twice daily plus 
1 g colchicine 200 mg ibuprofen 


twice daily, twice daily, 
6 mo 6 mo 
Improvement 
Pain 21 (91%) 15 (68%) 
Curvature 6 (46%)? 4 (18%) 
Plaque size change (cm) -0.26 +0.13 


aStatistically significant difference. 


Levocarnitine is indicated for treatment of primary systemic carnitine deficiency, a 
genetic impairment of normal biosynthesis or utilization from dietary sources; for the 
treatment of secondary carnitine deficiency resulting from an inborn error of metabolism; 
or for the prevention and treatment of carnitine deficiency in patients with end-stage 
renal disease supported on hemodialysis (4). 

Levocarnitine oral solution may be consumed alone or dissolved in drinks or other 
liquid foods to reduce taste fatigue. It should be consumed slowly, and doses should be 
spaced evenly throughout the day to maximizetolerance. Gastrointestinal reactions may 
result from too rapid consumption of the substance. 

Various mild gastrointestinal complaints have been reported during the long-term 
administration of oral L-carnitine; these include transient nausea and vomiting, abdomi- 
nal cramps, and diarrhea. Decreasing the dosage often diminishes or eliminates drug- 
related patient body odor or gastrointestinal symptoms when present. Tolerance should 
be monitored very closely during the first week of administration and after any dosage 
increases (4). 

The safety and efficacy of oral levocarnitine has not been evaluated in patients with 
renal insufficiency. Chronic administration of high doses of oral levocarnitine in patients 
with severely compromised renal function may resultin accumulation of the potentially 
toxic metabolites (5). In patients with preexisting seizure activity, an increase in seizure 
frequency or severity has been reported. 
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Table 8 
Carnitine vs Tamoxifen: Randomized, Double-Blind (27) 


lgcarnitine 20 mg tamoxifen 


twice daily, twice daily, 
3 mo 3 mo 
Improvement 
Pain 22 (92%) 15 (68%) 
Curvature change -7.5° —0.5° 
Plaque size change (mm?) -68.8 -26.9 


Rationale for Use in Peyronie’s Disease 


It was suggested that carnitine restores cells when damaged by inflammation, prob- 
ably because of inhibition of the toxic coenzyme acetyl-coenzyme A. 


Scientific E vidence 


The action of acetyl-L-carnitine was assessed in two RCTs. In the preliminary report, 
48 patients (15 “acute” phase and 33 “chronic” phase) were randomly assigned to utilize 
20 mg tamoxifen twice daily or 1 g acetyl-L-carnitine twice daily for 3 mo (Table8) (27). 
At6 mo, acetyl-L-carnitine was significantly more effective than tamoxifen in reducing 
pain. Only acetyl-L-carnitine ameliorated penile bending; however, both drugs reduced 
plaque size. Tamoxifen induced significantly more side effects than acetyl-L-carnitine. 
However, patients in this study do not represent the typical patient with PD because they 
had mild degrees of curvature, and the mean duration of disease before seeking medical 
treatment was 5 wk. 

In a second study utilizing ester-proprionyl-L-carnitine (acetyl-carnitine is no longer 
available), 75 men were randomly assigned in a double-blind design to receive weekly 
intraplaque verapamil (10-mg) injections plus ester-proprionyl-L-carnitine (1 mg twice 
daily) or tamoxifen (20 mg twice daily) alone for 3 mo (28). The majority of the patients 
completed the trial (80%), but the amount of significant improvement in curvature and 
plaque size was 11.8° and 7.6 mm2, respectively (level 2). 


ONGOING TRIALS WITH ORAL DRUGS 


Recently, many new drugs have been used in trials, however conclusive results are 
still wanted. 


F exofenadine (Allegra) 


Fexofenadine HCI is an antihistamine with selective peripheral H,-receptor antago- 
nist activity. This drug is known to be substantially excreted by the kidney, and the risk 
of toxic reactions may be greater in patients with impaired renal function. 

Gerald H. Jordan (personal experience) has utilized terfenadine (Seldane™ ) and 
more recently fexofenadine (Allegra™ ). Fexofenadine is utilized as a nonspecific anti- 
histamine in doses of 60 mg twice a day in patients with unusual long and painful courses 
of symptomatic plaque. The medication is expensive, but well tolerated. Unfortunately, 
no definitive data are available yet. 
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Pentoxifylline 


Pentoxifylline, a synthetic xanthine derivative, is a hemorrheologic agent. It is uti- 
lized for the treatment of intermittent claudication associated with peripheral vascular 
disease and for the management of acute and chronic cerebrovascular insufficiency. 
Although it has been shown to stimulate fibroblast apoptosisin an experimental model, the 
precise mechanism of action for pentoxifylline in management of PD remains unclear. 

Anecdotally, an oral dose of 400 UI/d for 3 to 6 mo has been used. Overall, itis well 
tolerated. 


Pentoxifylline Combined With Vitamin E 


Studies involving pentoxifylline plus vitamin E demonstrated regression in radiation- 
induced fibrosis in uncontrolled studies (29). Based on this, we are currently carrying 
out a prospective study using monotherapy or a combination of both drugs (4001U pent- 
oxifylline and 1000 IU vitamin E). Data are not available yet. 

In radiation-induced fibrosis, the combination of both drugs was more effective 
than placebo monotherapy (29). Gastrointestinal and nervous system effects are rarely 
reported. 


CONCLUSION 


A great number of oral medical treatments have been suggested and utilized in PD, 
however, few prospective clinical trials have been undertaken; so far, no drug has shown 
optimal results. Consequently, only limited advances in this particular field have been 
achieved. New drugs hold promise of success, although there is no consensus for the 
optimal design of atrial with oral therapy for PD, in part due to a lack of total understand- 
ing of the pathophysiological mechanism of the disease. 

Every patient deserves a thorough discussion regarding possible risks and benefits of 
each oral agent. Patient preference has a significant role in the selection of specific oral 
therapy. With advances in the comprehension of the mechanisms of inflammation and 
scarring and the development of new agents, itis expected that more effective oral treat- 
ments for PD will become available. 
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SUMMARY 


Peyronie’s disease (PD) is a pathological condition of the penis that is most likely 
linked to the repetitive minor trauma that occurs during intercourse. The initial inflam- 
matory process in some genetically susceptible individuals gives way to a subsequent 
persistent low-level autoimmune response. At the cellular level, this disorder involves 
increased deposition of collagen and glycosaminoglycans in the tunica albuginea of the 
penis, which leads to fibrosis and eventual plaque formation. The fibrous plaque can 
cause structural alterations in penile anatomy and sexual dysfunction. Experimental 
research in PD has invoked a role for cytokines and fibroblast activity, which has moti- 
vated clinicians to explore a number of nonsurgical and minimally invasive treatment 
options. With the experimental in vitro success of calcium channel blockers and inter- 
ferons in counteracting the fibrotic process in PD, researchers have initiated a number 
of clinical studies with these agents. B oth intralesional verapamil and interferon -2b 
have demonstrated significant clinical benefits to men with PD regarding a decrease in 
penile curvature and plaque size, reduction of penile pain on erection, and improved 
sexual function. Intralesional injection therapy can beinitiated in most cases of PD but 
must be individualized to each man’s presentation based on the onset and severity of the 
disease, the patient’s motivations, and realistic expectations from this therapy. 


Key Words: Collagenase; intralesional treatment; interferon; minimally invasive; 
nonsurgical; Peyronie’s disease; steroid; therapy; verapamil. 


INTRODUCTION 
Peyronie’s disease (PD) is a localized connective tissue disorder characterized by an 


inelastic, fibrous scar in the tunica albuginea of the penis (1). M ost authorities believe that 


PD isa result of repetitive trauma that occurs during intercourse, which in turn incites an 


inflammatory process and subsequent low-level autoimmune response (2). This process 


results in increased deposition of collagen and glycosaminoglycans, which eventually 
leads to fibrosis of the tunica albuginea and plaque formation. The fibrous plaque often 
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Table 1 
Proposed Mechanisms and Side Effects 
of Various Agents Used in Intralesional Injection Therapy of PD 


Drug Mechanism of action Side effects 

Steroids Anti-inflammatory, decreasing Local tissue atrophy, skin thinning, 
collagen synthesis fibrosis 

Collagenase Collagen breakdown No reported side effects 

Orgotein Anti-inflammatory, superoxide Pain, swelling, stiffness, prickling 
dismutase activity or burning sensations, skin 


rashes, feeling of heaviness at 
the injection site 


Interferon Inhibition of fibroblast proliferation, Flulike symptoms, sinusitis, 
stimulation of collagenase activity, arthralgia, ecchymosis 
inhibition of collagen production Penile bruising, ecchymosis, 

Verapamil Alters the balance of collagen synthesis nausea, lightheadedness, pain 


and degradation 


leads to alterations in penile anatomy and sexual dysfunction. Typical complaints of 
patients presenting with PD include a palpable penile plaque, pain on erection, and penile 
curvature. 

The choice of a conservative treatment is a therapeutic dilemma. Oral treatment alter- 
natives include vitamin E, potassium aminobenzoate (Potaba®), colchicine, tamoxifen, 
and L-carnitine. On the other hand, intralesional injection of various agents such as ste- 
roids, calcium channel blockers, clostridial collagenase, orgotein, and interferons (IF Ns) 
have been promulgated as minimally invasive treatment options for PD (3) (Table 1). 


STEROIDS 


Because of their recognized anti-inflammatory effects, steroids were popular many 
years ago as an intralesional therapy for the treatment of P D . Bodner etal. first documented 
a decrease in plaque size and pain on erection using injections of the steroid dexametha- 
sone (4). However, these authors reported that this treatment did not show any statistical 
difference from thenatural history of the disease. Williams and Green used a long-acting 
glucocorticoid, triamcinolone hexacetonide, in 45 patients with PD and reported 36% 
complete or marked improvement in PD symptoms (5). Using 6- 10 Dermo-jet percuta- 
neous intraplaque injections of dexamethasone in 21 patients over 1-6 mo, Winter and 
K hanna reported a decrease in plaque size, reduction of pain on erection and discomfort 
during sexual intercourse, or a disappearance of all symptoms in a high percentage of their 
cases (6). They also reported a significant reduction in penile curvature, Although a few 
others reported some success with the use of intralesional steroids, side effects, such as 
local tissue atrophy, fibrosis, thinning of the skin, and immune suppression, the use of 
steroid injection therapy for PD has not garnered support from most authorities. 


COLLAGENASE 


The specific collagenolytic properties of clostridial filtrates were first described in the 
1940s, and then M andl et al. isolated the collagenolytic fraction and detailed the mode of 
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purification in the 1950s (7). In contrast to the vertebrate collagenases, which cleave the 
tropocollagen molecule into two fragments, the bacterial collagenases are known to act at 
many collagen sites along the peptide chain, clipping theshort segments from each end (8). 
Aninvitro experimental study by Gelbard et al. investigated the effects of highly purified 
clostridial collagenase on various tissues, including Peyronie’s plaque, tunica albuginea 
from patients undergoing penile prosthesis implantation, fresh human pericardium from 
cadavers, and human corpora cavernosa obtained at autopsy within 4 h of death (9). Of 
importance, the clostridial collagenase-injected Peyronie's plaque fragment underwent 
considerable reduction in overall size and microscopically showed widespread fraying 
and dispersal of collagen bundles compared to the dense, compact collagen seen in the 
control tissue injected with saline. Dissolution of the plaque tissue occurred without di ges- 
tion of elastic tissue, vascular smooth muscle, or the myelin sheaths of axons. 

The theoretical benefit of intralesional collagenase on the alteration of the collagen 
content in PD plaques prompted the same researchers to design a pilot study in humans 
investigating the effects of intralesional purified clostridial collagenase in 31 men with 
PD (10). The administered dose varied between 270 and 4800 units (mean 2328 units). 
B-A minopropionitrile fumarate was administered to the last 25 patients as an adjuvant 
in an attempt to prevent recurrences by increasing the laxity of collagen formed at the 
site of the enzymatic wounding. O bjectiveimprovementin 65% of the study patients and 
pain resolution in 93% were reported, usually within 2 wk. Penile plaques either disap- 
peared or were altered significantly in 4 patients and decreased 20-100% in the remaining 
16 patients. Objective relief of deformity using a vacuum-induced erection was docu- 
mented in 50% of 6 patients with small or impalpable plaques, 75% of 12 patients with 
moderate lesions, and 65% of 13 patients with large plaques. Side effects were pain at 
the injection site in 2 patients, ecchymosis in 21, and corporal rupture in 1. 

Thesame group 8 yr later reported on the use of intralesional purified clostrial collagen- 
ase in 49 patients with PD in a prospective, randomized, placebo-controlled, double-blind 
study (11). Patients were stratified into three groups based on disease severity (plaque 
size measurement using a caliper) and the degree of deformity during vacuum chamber 
photography, as well as using a modification of the K elami classification. Category 1 
patients were characterized as those with curvature of 30° or less or palpable plaque less 
than 2 cm in extent; category 2 patients displayed 30- 60° angular deformity or 2- to 4-cm 
palpable plaquein maximal dimension; and category 3 patients were those with a penile 
curvature greater than 60° or more than 4 cm of palpable plaque. Treatment group patients 
in category 1 had 6,000 units, category 2 had 10,000 units, and category 3 had 14,000 
units of total cumulative dose of purified clostrial collagenase (nucleolysin). A positive 
response for collagenase-injected patients was reported as 100% (3/3) in category 1, 
36% (40f 11) in category 2, and 13% (1 of 8) in category 3, whereas itwas reported as 25% 
(1 of 4), 0% (0 of 13), and 0% (0 of 10) in the placebo patients for each category, respec- 
tively. Overall response was calculated as 36% (8 of 22) for the treatment arm and 4% 
(1 of 27) for the placebo arm (p <0.007). Of importance, there were no significant side 
effects or allergic reactions reported. A multicenter, controlled study with intralesional 
collagenase is currently under initiation in the United States. 


ORGOTEIN 


Theanti-inflammatory properties of orgotein werediscovered in 1965 (12). Orgotein, 
the pharmaceutical form of the bovine enzyme copper-zinc superoxide dismutase, is a 
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metalloprotein compound with pronounced superoxide dismutase activity. Gustafson et 
al. injected orgotein into the indurated plaques of 22 patients with PD with long-standing 
and severe symptoms (13). They reported marked improvementin sexual function with- 
out significant side effects. The main adverse reactions to orgotein were reported as pain, 
swelling, stiffness, prickling or burning sensations, skin rashes, and a feeling of heaviness 
at the injection site (14). Currently, orgotein is not available for usein the U nited States, 
mainly because of off-label reports of toxicity. 


VERAPAMIL 


The rationale for the use of calcium channel blockers in the treatment of PD is based on 
successful in vitro data. K elly showed that exocytosis of extracellular matrix molecules, 
including collagen, fibronectin, and glycosaminoglycans, were calcium-ion-dependent 
processes (15). In addition, A ggeler et al. demonstrated that calcium antagonists induced 
a change in fibroblast cell morphology that caused an alteration in the protein secretory 
phenotype(16). This change resulted in increased extracellular matrix collagenase activ- 
ity as well as decreased collagen production and deposition. Verapamil, acalcium channel 
blocker, reduces intracellular calcium concentration, increases collagenase activity, and 
affects cytokine expression in the early phases of wound healing and inflammation (17). 
Verapamil is known to inhibit in vitro fibroblast proliferation in plaques derived from 
patients with PD (18). 

The therapeutic serum levels of verapamil used for the treatment of hypertension and 
cardiac arrhythmias were calculated as 0.01-0.2 uM when administered orally (19). How- 
ever, the concentration of verapamil needed to retard extracellular matrix collagen syn- 
thesis in an in vitro study was inthe 100-uM range. Therefore, intralesional application 
is obligatory to deliver sufficient levels of verapamil directly to the plaque. 

In 1994, Levine etal. popularized the use of the calcium channel blocker verapamil by 
reporting on adose-escalating trial in 14 men undergoing intralesional therapy for PD (20) 
(Table 2). The authors used biweekly injections of verapamil for 6 mo and increased the 
dose to 10 mg in a single setting. They documented pain resolution in 91% of patients, 
decrease in penile curvature in 42%, improvement in erectile function in 58%, and an 
increase in penile girth in 100% (20). 

W ith asimilar dose of verapamil and treatment interval in 39 patients with PD, Arena 
et al. reported objective improvement in 50% of patients who had a diagnosis of PD for 
less than 1-yr duration butin only 10.2% of the patients who had the condition for more 
than 1 yr (21). By contrast, an investigation of the efficacy of verapamil injection with 
steroid and placebo arms in a controlled study found no significant benefit in favor of 
verapamil (22). This article has been criticized as injection was perilesional and notinto 
the plaque. H owever, Rehman etal. performed a long-term single-blind study with verap- 
amil injections in 14 patients using weekly injections for 6 mo (23). They documented 
reduction in plaque volumein 57% of the verapamil group vs 28% in the placebo group. 
Furthermore, penilecurvatureimproved from 37.7 + 9.3° to 29.5 + 7.3° in the verapamil- 
treated patients, but this difference was not significantly greater than placebo. These 
authors reported plaque softening and significant objective improvement in plaque- 
associated penile narrowing in all patients treated with verapamil. Subjective plaque-asso- 
ciated erectile dysfunction (diminished quality of erections) was improved in 42.87% 
of the verapamil group vs none in the control group. They concluded that intralesional 
verapamil was effective in patients with penile curvatures less than 30° and those with 
noncalcified plaques. 


c8 


Table 2 
Results of Verapamil Treatment Regarding Dose, 


Number of Patients, Duration of Treatment, and Improvement Rates With Various Parameters 


Patients 
Reference (n =) 
20 14 
21 39 
23 14 
(Ver=7; Plc=7) 
24 46 
25 156 


Plc, placebo; Ver, verapamil. 


Dose 
(no) 


10 
10 


10 


10 
10 


Duration 


Biweekly, 6 m 
Biweekly, 6 m 


Weekly, 6 m 


Biweekly, 6 m 
Biweekly, 6 m 


Pain raief 


91% 
91% 


100% Ver. 
100% Plc. 
97% 
84% 


Decrease Decrease 


in curvature 


42% 91% 
50% (PD <1y) ? 
10% (PD >1y) 

29% Ver. 57% Ver. 

0% Plc. 28% Plc. 
54% 97% 
60% 84% 


in plaque size 


Improved 
sexual function 


58% 
? 


43% Ver. 

O% Plc. 
72% 
83% 
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Subsequently, L evine reported affirmative results with intralesional verapamil regard- 
less of disease severity and duration in an uncontrolled study of patients with PD (24). 
He employed 12 biweekly injections and documented a decrease in penile curvature in 
54% and improvement in erectile function in 72% of PD patients. The author concluded 
that candidates with poorer prospects for success with verapamil injections include those 
with plaques larger than 5 cm3, extensive calcification, penile curvature greater than 90°, 
and no response after six injections. 

Asa follow-up, Levine and Estrada reported the results of a prospective, nonrando- 
mized study of 156 patients with PD with a mean follow-up of 30.4 mo (25). They noted 
an objectiveimprovementin penile curvaturein 60% (10- 75°, mean 25°), increase in girth 
in 83%, subjective increase in erectile rigidity distal to the plaque in 80%, and improved 
sexual function in 71% of the participants. Objective measures of curvature change were 
obtained at full erection using a protractor following intracorporal vasoactive injection 
by a blinded technician both before and following completion of the injection program. 
Side effects were noted only in 4% of the patients receiving verapamil and included minor 
complaints such as nausea, lightheadedness, penile pain, and ecchymosis. N o cardiovas- 
cular events werereported. A major criticism of this and many studies using intralesional 
verapamil injections for the treatment of PD is the lack of a placebo arm. 

In a related double-blind controlled study, Cavallini and colleagues investigated the 
effects of verapamil in men with advanced or recalcitrant PD (26). The authors divided 60 
patients with PD into two groups: patients on intraplaque verapamil (10 mg/wk for 10 wk) 
and oral propionyly-t-carnitine (2 g/d for 3 mo) vs those on verapamil and oral tamoxi- 
fen (40 mg/d for 3 mo). These investigators documented significant reduction in penile 
curvature and plaque size and increasein sexual function in the verapamil and propionyly- 
L-carnitine groups, but they observed the same in the verapamil and tamoxifen group. 

M ulhall etal. investigated the impact of intralesional verapamil injections on the pro- 
gression and improvement of penile deformity in men with PD (27). Patients with a palp- 
able plaque with penile curvature who presented within 12 mo after the onset of PD were 
included into this nonplacebo-controlled study. Intralesional verapamil was adminis- 
tered every 2 wk for a total of six injections, and the patients were evaluated at least 3 mo 
after the final injection. A curvature change equal to or greater than 5° was defined as an 
alteration (improvement or progression). After a mean 5.2 + 1.8 mo of follow-up in 81 
men with PD, intralesional injections of verapamil resulted in an improvement in 22% 
of the treated patients; 53% remained stable, and 25% worsened. The mean change in 
penile curvature in men who documented improvement (22 + 15°) was higher in those 
with documented worsening (12 + 7°). The investigators concluded that, compared to 
their previous natural history population (12% improving, 40% remaining stable, and 
48% progressing over a12-mo period), intralesional injection of verapamil is associated 
with alower rate of deformity progression and slightly better improvement rate. A noted 
limitation of this study is that only six biweekly injections were given, which may not 
allow adequate time or drug exposure to effect change in scar tissue. 


INTERFERONS 


IFNsarelow-molecularweight proteins that play an important role in the human immune 
system, mainly viaantiproliferative and antitumorigenic effects (28). Duncan and partners 
first considered the therapeutic potential of IFN treatment for PD (29). These authors used 
human recombinant (hu-r) IF Ns on cultured fibroblasts derived from excised PD plaques. 
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Fig. L Intralesional injection of IF N-a-2b into the Peyronie’s disease plaque. 


They cultured fibroblasts with hu-r-IFN-o2b, hu-r-IFN-Bser17, and hu-r-IFN-y, and 
noted a concentration-dependent inhibition of fibroblast proliferation and collagen pro- 
duction and an increase in collagenase production. Of note, hu-r-IF N-o and -B had no 
effecton fibroblast glycosaminoglycan or fibronectin production, and hu-r-|F N -y caused 
a marked increase in production. These investigators demonstrated that IF Ns, particu- 
larly IFN -c and -B, had important antifibrotic properties in relation to PD fibroblasts (i.e., 
hindering fibroblast production, decreasing collagen synthesis, and upregulating colla- 
genase activity). They concluded that there was a scientific rationale for using IFN s to 
treat men suffering with PD. 

A study by Ahuja and colleagues, using an in vitro model of corpora cavernosal- 
derived myofibroblasts, demonstrated that the presence of IF N -œ-2b diminished collagen 
production (30). It had already been established that IFN s can reduce collagen deposition 
and promote collagenaselike activities (29). Dermatological studies have documented 
a short-term benefit of IF N-a-2b treatment in normalizing keloid fibroblast collagen, 
glycosaminoglycan, and collagenase production in vitro (31). With these in vitro models 
of PD clearly supporting INF as a treatment concept, the next step was the initiation of 
pilot studies employing intralesional IFN (Fig. 1) in men with PD. 

The first clinical report of intralesional IF N-c-2b treatment for PD appeared in an 
abstract by Benson etal. (32). In 10 patients, the authors reported significant plaque soft- 
ening, improvementin penile curvature, and resolution of penile pain. Wegner et al. sub- 
sequently reported on two studies using IF N-c-2b for PD (33,34). In the first study, in 
1995, they used 1 <> 10°U IN F-c-2b with fivelocal injections into the plaques over 1 wk 
(33). Patients were assessed 1-6 mo after the injections had been administered; a decrease 
in plaque size was noted in 28% of the men with noncalcified or minimally calcified 
plaques, and pain resolution occurred in all but 1 patient. However, there was adequate 
straightening of the penis in only 1 patient (from 18 to 10°) (33) (Table 3). 

In another study using 3<> 106 U INF-a-2b in 30 patients, the same investigators reported 
no clinical benefit (34). In their negative summary, they suggested that intralesional 
injection therapy of IN F-c-2b was associated with intolerable side effects and was not 
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Reference 


33 
34 
35 


36 
43 


38 
39 
40 


Table 3 
Results of Intralesional Treatment With IFN-&-2b Regarding Dose, 


Number of Patients, Duration of Treatment, and Improvement Rates With Various Parameters 


Patients Dose 

(n =) (units) 
25 106 10 
30 30 10° 

10 1.5610 
21 14 10° 


34 10 10 


23 

25 

117 
(IFN =55; 
Plc =62) 


2 10° 
2 10° 
56 10° 


Duration 


Weekly, 5 wk 
Weekly, 3 wk 
3 times/wk, 3 wk 


Biweekly, 6 mo 
Biweekly, 14 wk 


3 times/wk, 3 wk 
Biweekly, 6 wk 
Biweekly, 12 wk 


The dose of IFN-0-2b is expressed as units. Plc, placebo. 
aAn additional three patients served as control with saline injection. No changes were observed in these placebo patients. 
©Of 21 patients with PD, 7 were in the saline placebo arm. None of the men in the placebo group showed improvement after completion of intral esi onal 


injections. 


Pain 
relief 


96% 
97% 
60% 


90% 
94% 


100% 
80% 
28.1% Plc, 
67.7% IFN 


Decrease Decrease 


in curvature in plaque size 


4% 28% 
3% 3% 
60% 33% 
(mean 20°) 
65% 85% 
47% From 56.7 to 12.7 
(mean, mm?) 
5% O% 
67% 71% 
8.8% Plc, 19.8% Plc, 
27.0% IFN 54.6% IFN 
(% mean (% mean 
decrease) decrease, cn?) 


Improvement Plaque 
in sexual function softening 
? 
? ? 
60% 
57% 100% 
79% ? 
— ? 
5/7 patients ? 
5.96% Plc, 11.1% Plc 
13.53% IFN 33.3% IFN 
(% mean increase (% mean 
in EF score) decrease) 


‘The injections were applied subcutaneously next to the plaque area. Patients who had erectile dysfunction at baseline were excluded from the study. 
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effective in men with PD. They asserted that surgery was the only option for men with PD. 
Besides an apparent negative bias, all of these early studies lacked a placebo arm. 

In another study by J udge and Wisniewski, the effect of intralesional INF a-2b was 
studied in 13 men with severe PD of more than 12 mo duration (35). Ten patients were 
placed in the study group, and 3 were included in a saline control group in which 1.5 < 106 
U INF-c-2b was used three times a week over 3 wk. T he investigators reported complete 
disappearance of pain on erection and a significant improvement in penile deformity in 
6 of 10 patients. No changes were noted in the control (saline) patients. Although the 
objective improvement in deformity was relatively small (mean improvement of 20°), 
the authors concluded that patients with plaques smaller than 4 cm werelikely to benefit 
from this treatment. 

In another supportive study, Ahuja et al. in 1999 used intralesional IN F-œ-2b with 
1<> 10°U biweekly for 6 mo in 21 patients and documented pain relief in 9 of 10 patients, 
Subjective softening of the plaque in all patients, significant improvement in penile 
curvature in 65% of cases, and a decrease in penile plaque size in 85% of patients (36). 
A major limitation again was the absence of a placebo control arm. These authors con- 
cluded that biweekly intralesional injections with IF N-c-2b into PD plaques produced 
significantimprovements in penile curvature, diminished pain, and reduced plaque size. 

Another study reported on intralesional injections with 4<> 10°U IN F-c-2b onceaweek 
for 10 wk in patients with PD (37). They showed decreased penile curvature in 39% of 
men and diminished plaquesizein 38% of the participants. In still another small, nonran- 
domized, and prospective study of 23 patients using 2 <> 10° U INF-c-2b three times a 
week for 3 wk, pain resolution was noted in 13 of 19 patients (38). However, penile cur- 
vatureimproved in 1 patient, increased in 1 man, and remained unchanged in the remain- 
ing 21 patients. T hey did not perceive any significant changein plaque size and were not 
overly supportive of IN F-c-2b therapy for the conservative treatment of P D , eventhough 
it appeared safe and well tolerated and lessened penile pain. 

Atour institution, inaplacebo-controlled study, 21 patients (IN F-œ-2b in 14, placebo 
in7 patients) were administered either 2 <> 10°U IFN-c-2b or salineinjections biweekly 
for 6 wk (39). Therewas animprovementin penile curvature of 20° or morein 67% of men, 
pain relief in 80%, and subjective improvement in plaque size in 71% of the patients. In 
addition, we observed significant improvement in erectile function scores in 5 of 7 patients. 
No placebo patient documented improvement in penile curvature, plaque size, or pain 
relief. 

These results motivated a group of PD researchers to conduct an evidence-based study 
onthe use of IFN -&-2b for the minimally invasivetreatment of PD.A prospective, multi- 
center, placebo-controlled, parallel study was conducted to determine the efficacy and 
safety of intralesional IF N -c-2b therapy in 117 consecutive PD patients with a mean age 
of 55 yr (62 in placebo, 55 in IFN -œ-2b group) (40). Saline 10 mL for control and INF- 
ot-2b of 5 <> 10° U for the study group were administered with six injections biweekly for 
atotal of 12 wk. Objective evaluation of penile curvature was performed in the erect state 
utilizing a protractor (Bracco Diagnostics, Princeton, NJ), and plaque size was measured 
using a caliper (Schering, K enilworth, NJ). Plaque density was assessed as grade 0 to 
grade 3. A subgroup of patients received an intracavernosal injection with 10-15 ug of 
prostaglandin E; combined with visual sexual stimulation to evaluate penile blood flow 
with penile duplex Doppler ultrasound at baseline and after completion of injections. 

Of 117 patients, 103 (88%) completed the study. Penile curvature decreased from 
49.9 + 2.4° to 36.4+2.1° in the IFN -œ-2b group and from 50.9 + 2.5° to 46.4 + 2.1° in the 
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placebo group. Pain resolution was documented as 28.1% in the placebo group and 
67.7% inthe lF N -c-2b group. The decrease in plaque size and plaque density in thel FN- 
o-2b group was significantly greater than in the placebo group. Although the improve- 
ments in International Index of Erectile Function scoresin the IFN -œ-2b group appeared 
better than in the placebo group, therewas no significant difference between groups after 
injections. However, the mean peak systolic cavernosal artery velocity values with penile 
duplex Doppler ultrasound showed a statistically significant improvement in| FN -c-2b- 
treated patients after treatment compared to baseline. 

Side effects frequently encountered in patients after intralesional IF N-c-2b injec- 
tions such as sinusitis; flulike symptoms including fever, chills, and arthralgia; and 
minor penile swelling with ecchymosis were effectively treated with over-the-counter 
nonsteroidal anti-inflammatory agents and did not last for more than 48 h. This prospec- 
tive, multicenter, placebo-controlled, parallel study demonstrated thatintralesional IF N - 
a-2b appears safe and effective as a minimally invasive treatment alternativein PD after 
or with oral treatment and before surgery is considered. 

There are a number of unanswered issues regarding INF-ca-2b use in intralesional 
therapy of PD. The effective dose regimen for delivering IFN-ca-2b has not been estab- 
lished. In clinical studies for PD, the doses ranged from 1 <> 10° to 10 <> 106 units. In the 
most recent prospective, placebo-controlled, multicenter study, IF N-a-2b 5 <> 106 units 
was used (40). A nother issue is the frequency of injections. Given the fact that the half- 
life of intralesional IFN -œ-2b is only 2 h, all application frequencies available in the litera- 
ture seem appropriate. However, if each intralesional injection incites an augmented 
inflammatory process after each application, a period of 2 wk or more between each 
injection would seem more suitable before the inflammatory process completely disap- 
peared. In addition, the site and method of intralesional injection are other issues. M ost 
studies recommended injecting IF N-c-2b directly into the PD plaque after a circular 
anesthetic block has been administered to the penis. Some researchers administer the agent 
subcutaneously alongside (and not into) the plaque, which may explain their reported 
lack of efficacy. 

Review of the Physician's Desk Reference revealed that administration of IFN-c-2b 
can be associated with a number of side effects, including constitutional symptoms (i.e., 
flulike symptoms), ecchymosis, arthralgia, and elevated liver enzyme levels (41) . The 
incidence and severity of these adverse events are clearly dose related, and the majority 
of adverse events occur more in conjunction with high dosage and long durations of 
therapy. Low-dose regimens (e.g., 1 to 5 <> 10° units) have a much lower incidence and 
severity of complaints (41). The flulike symptoms associated with IFN-c-2b therapy, 
although extremely common, are quite manageable using anonsteroidal anti-inflamma- 
tory drug or antipyretic. 


CONCLUSIONS 


PD is awell-recognized urological condition with anumber of anatomical and func- 
tional consequences involving the penis. Although surgical correction is ultimately suc- 
cessful in the majority of cases, mostmen with PD initially seek less-invasive therapeutic 
alternatives. Oral treatment modalities, such as vitamin E, para-aminobenzoic acid, and 
colchicine are recommended by many urologists to all men who present in the acute 
phase of the disease, despite the lack of any controlled studies documenting benefit (42). 

Intralesional therapies for PD have been under investigation since the 1990s. Calcium 
channel blockers used in intralesional injection therapy of PD have exhibited no signifi- 
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cant adverse effects and are generally well tolerated. The need remains for a long-term pro- 
spective, multicenter, placebo-controlled study to confirm the efficacy of this treatment. 

IF Ns have been documented to have beneficial effects in a number of smaller studies 
with low numbers of PD participants. A randomized, prospective, placebo-controlled, 
multicenter study with IF N-œ-2b demonstrated objective improvement in penile curva- 
ture, plaque size and density, and pain reduction. A notable drawback of IF N sis the asso- 
ciated flulike symptoms. 

Basic research in PD will further elucidate the pathophysiology of PD and help iden- 
tify new targets for intervention. In the meantime, the goals of any treatment modality are 
to improve patients’ quality of life. Intralesional therapy for PD with verapamil or IFN - 
a-2b can serveas an intermediate (minimally invasive) form of therapy. A ccumulated data 
show reduction of pain, normalization of penile anatomy, and erectile function with this 
modality of treatment. 
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SUMMARY 


Electromotive drug administration (EM DA) is amethod of increasing the transport 
of drugs across barriers by means of an electric current. In patients with Peyronie's 
disease, EM DA of verapamil into the tunica albuginea provides measurable drug levels 
in plaque tissue. Four clinical studies using different methods showed that EM DA of 
verapamil and dexamethasone is a safe and effective treatment for Peyronie’ s disease, 
reducing plaque volume, penile deviation, and pain, and can contribute to the improve- 
ment in erectile capacity and sexual function. 


Key Words: E | ectromotive drug administration; iontophoresis; Peyronie's disease. 


INTRODUCTION 


Induratio penis plastica (IPP), commonly known as Peyronie's disease, is a wound- 
healing disorder characterized by areas of inflammation followed by fibrosis (scarring) 
along the shaft of the penis (1). The lesions may be single or multiple; they are situated 
within the tunica albuginea and have the appearance of hardened plaques. 

Although Peyronie's disease does not cause major health problems and is certainly not 
life-threatening, for many individuals it significantly impairs quality of life as a source 
of major distress. In fact, there is frequently pain, angulation (bending) of the penis, and 
erectile dysfunction (ED) with further psychosexual and psychorelational problems. 

The natural history of the disease is not encouraging. In a small proportion (<10%) of 
patients, plaques become smaller in size and occasionally disappear completely. H owever, 
in the majority of subjects there is a “roller coaster” course with intermittent flare-up in 
which frequently the plaques become calcified/hardened to a chalky, bonelike consis- 
tency that becomes a permanent feature of the penile landscape. 
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Occasionally, IPP is associated with some other diseases, notably the fibrous scarring 
of Dupuytren of the palm. M orefrequently, IPP follows sometype of penile trauma such 
as sexual accidents, surgery, or repeated intrapenile injections. But, in many cases, the 
etiology of IPP cannot be related to any known cause. The presence of many different 
therapeutic approaches to | PP demonstrates thatitis afield vital and crucial in urology and 
the therapies are often ineffective (2). Surgery is aimed to correct the deformity, but it 
is not a minor procedure, and full disclosure of side effects causes a substantial propor- 
tion of patients to decline treatment. There is also the problem of either an ongoing or 
arecurrent disease process that leads to failure. Systemic drug administration frequently 
results in a negative benefits-risks ratio in which side effects exceed the therapeutic 
benefit. 

A classical strategy is to localize drug administration directly into and around the plaque. 
This provides high concentrations at the site of disease with minimal systemic effects. 
In a large, uncontrolled clinical study, Levine et al. demonstrated significant improve- 
ment in patients following intralesional injection of verapamil (3). However, multiple 
intralesional injections may be uncomfortable and, although rare, may be harmful. 

Another approach is transdermal diffusive drug delivery. A report described that, if 
verapamil cream is directly applied on the penis skin, no detectable levels of the drug 
can be found in the underlying tunica (4). On the basis of anecdotal reports suggesting 
that iontophoretic delivery of steroids is beneficial in some patients with IPP (5-7), trans- 
dermal electromotive administration of verapamil has been studied, resulting in detect- 
able drug levels in approx 70% of tunica specimens tested (8). Furthermore, four clinical 
studies with different drug and treatment regimens using electromotive delivery of 
verapamil in combination with dexamethasone demonstrated objective improvement in 
patients with Peyronie’s disease (9-12). 


ELECTROMOTIVE DRUG ADMINISTRATION 
Basic Principles 


Various electrokinetic phenomena can be recruited to accelerate drug administration 
across biological membranes and into the underlying tissues: iontophoresis, electroosmo- 
sis/electrophoresis, and electroporation. 

lontophoresis describes the accelerated transport of ions (into tissue) by means of an 
electric current passed through a solution containing the ions i to be administered (13) 
at a rate defined by Faraday’s law: 


Ji =I (tr)/z F mol/s 


where | is the current (amperes), tr is the proportion of applied current carried by 1, and 
zisthevalency;F isthe Faraday constant (14). Usually, iontophoresis is associated with 
increased transport of water that will carry any nonionized solutes present, a phenom- 
enon often termed electroosmosis, a form of “solvent drag.” Drug transport rate D d/dt 
isthe algebraic sum of that induced by passive diffusion (PD) and by electromotive drug 
administration (EM DA) (Dd/dt= PD + EMDA), but when dealing with a membrane of 
low permeability such as the skin, EM DA isso dominant that, for all practical purposes, 
it may be considered the sole force manipulating drug transport. Thus, administration 
rates not only are markedly increased but also are controllable simply by varying the 
current intensity. 
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Fig. L Schematic illustration of the components of EM DA system for Peyronie's disease. 


Electroosmosis/electrophoresis is used to describe the current-induced convective 
flow of water in association with ions, which can accelerate the transport of ionized mole- 
cules down coulombic gradients, nonionized polar molecules (13), and ionized molecules 
against their coulombic gradients (15). 

Electroporation implies increasing the permeability of biological membranes under 
the influence of an electric field, which promotes increased transport rates down con- 
centration gradients (16). 

Because of the multiple electrokinetic forces involved, the term EM DA was coined 
to describe accelerated drug transport rates down concentration gradients (17). 


Technology, M ethodology, and Drugs 


TheEM DA drug delivery system is composed of three basic components: a battery (cur- 
rent generator), a5-mL adhesive electrode receptacle, and askin dispersive (grounding) 
electrode (Figs. 1 and 2). 

TheEM DA technique is easily described. During treatment, a small battery-powered 
current source (9 V ) is attached by an electrical lead to a5-mL adhesive electrode recep- 
tacle (anode) sited to the penile skin overlying the plaque. A second lead is attached to 
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Fig. 2.EM DA apparatusin position for treatment with the reservoir sited over the plaque and the 
grounding pad secured to the skin on the left lower quadrant. 


a dispersive electrode (cathode) placed on the skin of the lower abdomen to close the 
electrical circuit. The receptacle is filled with a solution of the required drug, the elec- 
trical current is turned on for a specified length of time, and the drug is driven into and 
around the plaque. 

Two medications have been selected, dexamethasone and verapamil. Dexamethasone 
is a potent anti-inflammatory drug, and in the formulation provided, dexamethasone 
sodium phosphate, itis readily transported by electric current. This drug certainly reduces 
inflammation associated with the plaque and may even help to reduce plaque size. W hen 
verapamil is administered by EM DA, local concentrations in the plaque may be effective 
with very low systemic concentrations, resulting in virtually no reported systemic side 
effects. The mechanism of action is similar to the injection of drug into the plaques, but 
with two important differences: (1) because the volume of fluid administered is small, 
there is no associated pain; and (2) because the skin is not breached or broken with a 
needle, there is no risk of infection. 

There are certain medical conditions that preclude the use of EM DA: (1) patients with 
pacemakers or other electrically sensitive equipment are excluded because the applied 
electric current could derange the functioning of such equipment; (2) Known allergies 
to either of the two drugs (this is most unlikely because allergies to verapamil are rare, and 
they are almost unheard of with dexamethasone); (3) damage to the skin at and around the 
site of the plaques (including infection, rash, abrasion, or superficial scars) must be treated 
and eliminated before applying EM DA, or burns to the skin could result. 


Experimental and Clinical Studies 


In 1967, the first study of iontophoresis using C21 esterified glucocorticoids for the 
treatment of Peyronie’s disease was described (5). A sodium carbonate solution at pH 
8.5 was used as a buffer solution; 0.3 cc hydrocortone phosphate was added. T he direct 
current source was obtained from a Teca CH-3 variable-pulse generator. Initial treat- 
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ment did not exceed 4 mA for 6 min to determine skin tolerance safely. The average 
treatment consisted of two 6-min doses at 4-8 mA with an average of 12 treatments three 
times a week. That study included 12 patients ranging in age from 37 to 68 yr. The dura- 
tion of disease ranged from 3 mo to 6 yr. Of the 12 patients, 9 complained of pain on 
intercourse. In all of these, there was complete resolution of pain after the treatment was 
completed. In 8, there was a loss of rigidity of the penile shaft with or without angular 
deformities: 4 patients had complete return of rigidity, 3 improved, and 1 was unchanged. 
In all 12 patients, the plaques became softer but did not disappear. In 5 patients, there 
were definite signs of regression of the lesion. 

The efficacy of iontophoresis using a combination of dexamethasone, lidocaine, and 
verapamil as first-line nonsurgical treatment for Peyronie’s disease was reported by Riedl 
et al. (9). In this uncontrolled prospective study, 100 unselected patients with Peyronie’s 
disease were treated with three weekly courses of iontophoresis. The drug mixture was 
administered by an electrical current of 5 mA placed in a self-adhesive receptacle fixed 
to the penile skin overlying the plaque. Plaques were measured with a measuring tape 
or ultrasound if not easily palpable. When possible, penile deviation was documented 
by photographs. Resolution of pain was observed in 96% of patients, reduction in plaque 
size in 53%, and improvement of penile deviation in 37%. Impaired sexual function was 
improved in 19 of 43 patients (44%). The benefit of iontophoresis therapy was more pro- 
nounced in patients with a short history of disease. These results confirm that the success 
of conservative therapy is an inverse function of disease duration. Improvement rates in 
plaque and deviation status decreased from 63.6 and 36.4%, respectively, for lesions of 
less than 3 mo in duration vs 26.9 and 27%, respectively, for disease duration of more 
than 1 yr. These data represent cogent argument for early initiation of medical therapy 
and suggest that the best results are achieved when disease progression is not likely to 
occur. 

The purpose of the third study was to clarify the actual therapeutic potential of a new 
transdermal drug delivery system (EM DA) for selected patients with Peyronie’s disease 
(10). M ontorsi and associates treated 40 men with Peyronie’s disease by EM DA using 
orgotein, dexamethasone, and lidocainein adouble-blinded, placebo-controlled, partial 
crossover study. T hey also reported on another 25 men who weretreated in an uncontrolled 
study with verapamil and dexamethasone. Sessions used 3 mA current for 20 min three 
times aweek, with assessment at 1 and 3 mo after the initiation of therapy. The authors 
reported disappearance of penile painin 100% of men, significant improvement or disap- 
pearance of penile plaquein 90% (two-drug group) and 79% (three-drug group), improve- 
mentin peniledeformity in 88% (two-drug group) and 62% (three-drug group), andimproved 
penile rigidity in more than 80% in both groups. The benefit of this therapy appears to be 
more pronounced in patients with a shorter duration of disease. The main advantage of this 
treatment is that this administration is painless. N either group reported adverse effects. 
The authors concluded the following: 


Overall, the combination of verapamil-dexamethasone achieved better clinical results 
than thethree-drug combination. Electromotivedrug administration isa novel technique 
capable of safely achieving satisfactory results in selected patients with P eyronie’s dis- 
ease not only in terms of improvement of patient’ s symptoms but also due to the reduced 
need for penile surgery. 


In 2003, Levine etal. (8) reported on the use of EM DA to transport verapamil into the 
tunica albuginea. This noncontrolled, nonrandomized, single-blinded study used either 
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verapamil at 10 mg aloneor verapamil with epinephrine for 20 min in men with Peyronie’ s 
disease who then immediately underwent plaque excision. Thelevels of verapamil in the 
excised tunica were compared with levelsin the tunicafrom men who either had no EM DA 
treatment or had intralesional injection of verapamil. These authors found detectable 
levels of verapamil in 10 (71.4%) of 14 men treated with topical verapamil delivered by 
EM DA. They found EM DA to bea safe technique that is capable of transporting verap- 
amil into the tunica. Epinephrine, which was used to decrease vascular dispersion, did 
not increase tunical concentrations. 

In 2003, Di Stasi et al. (11) reported results from their prospective, nonblinded study 
of 49 men. The study involved treatments with verapamil at 5 mg and dexamethasone at 
8 mg with EM DA, four times a week for 6 consecutive weeks. During each session, the 
drug mixture was administered from a receptacle fixed to the skin overlying the plaques, 
using 2.4-mA pulsed current for 20 min. Plaque size and penile deviation were evaluated 
by dynamic penile duplex ultrasonography, x-ray, and photographs; pain, erectile func- 
tion, and capacity for vaginal penetration were assessed using a specific questionnaire. 
V ital signs and side effects were also recorded. Pain resolved in 88%; curvature disap- 
peared in 10% and improved greater than 50% in 35%; plaque disappeared in 8% and 
was noted to be atleast50% smaller in another 14%; ED was completely resolved in 42% 
and improved in another 17%; and vaginal penetration was possible after treatment in 68% 
and improved in another 5%. The treatment was very well tolerated with the exception 
of transient skin erythema at the site of the penile and dispersive electrodes. The authors 
found that results were better in men with smaller, noncalcified plaques. 

The most recent trial from this group was published in 2004 in the} ournal of Urology 
(12). Patients with Peyronie’ s disease were randomly assigned to a study group (47 patients) 
and acontrol group (49 patients). F or each treatment session, an electrode receptacle was 
sited over the plaque and filled with either 5 mg verapamil and 8 mg dexamethasone (study 
group) or 2% lidocaine (control group); 2.4 mA electric current was applied for 20 min. 
Each participant received four sessions per week for 6 consecutive weeks. The authors 
found a significant decrease in plaque volume, a significant improvement in penile devia- 
tion, and significant relief of erectile pain in the study group compared with the control 
group. Indeed, although no patientin the control group exhibited complete resolution of 
either the plaque or the penile deviation, the plaque resolved completely in 5 (14%) of 
the study patients. Penile deviation also completely resolved in 5 (14%) of study patients. 
Erectile activity was regained in 11% of the control group compared with 51% in the 
study group. Although transient erythema was reported at the sites of the electrodes in all 
patients, no other adverse effects were reported. Overall, the authors concluded as follows: 
“Intraplaque electromotive [administration of] verapamil and dexamethasone induce sub- 
stantial objective improvement in Peyronie’s disease compared to electromotive lido- 
caine administration.” 

In 2005, Greenfield and associates reported on their experience with a placebo-con- 
trolled, double-blind trial of 10 mg verapamil vs saline EM DA (18). The Physion M ini- 
Physionizer (Physion, M irandola, Italy) device was used to deliver 2 mA to the plaque 
two or three times per week for 12 wk. Objective measures of deformity performed fol- 
lowing papaverine injection to induce maximum erection before and 1 mo after treat- 
ment revealed improvement of curvaturein 65% (mean 9°; range 5- 30°) of those receiving 
verapamil vs 58% of those exposed to saline (mean 7°; range 5- 30°). These results sug- 
gest that a directly applied electric current alone may result in a positive change to the 
Peyronie's plaque. This is not surprising as there is abundant support for this in the der- 
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matological literature, indicating the salutary effects of electric field therapy on healing 
wounds (19). Further studies will be necessary to confirm the benefit of combination 
therapy, such as using EM DA with verapamil and dexamethasone. 


DISCUSSION 


Until recently, Peyronie’s disease was relegated to an obscure niche in urology. This 
is Surprising because 3-5% of men are affected by the disease. H owever, this is rapidly 
changing: M ost of the major urological meetings devote special sessions to Peyronie’s 
disease, and attendance is increasing. 

In spite of increased interest, the etiology and pathophysiology of Peyronie’s disease 
arestill unclear. T he pathology is strongly indicative of abnormal wound healing that gives 
rise to fibrosis within the tunica albuginea (1), and the large number of treatments cur- 
rently available attest to the fact that none is uniformly successful (2). Surgical correc- 
tion of the deformity is designed to correct advanced deformity, but it is not a minor 
procedure, and full disclosure of side effects causes a substantial proportion of patients 
to refuse this treatment. Oral systemic drug administration frequently results in more 
side effects than therapeutic benefit. 

Intraplaque injections ameliorate the symptoms (2) but are invasive, and itis almost 
impossible to achieve even drug distribution by injecting into the hardened tissue of a 
plaque. 

Electromotive administration of verapamil and dexamethasone is a safe and effective 
treatment for Peyronie’s disease, reducing plaque volume, penile deviation, and pain, and 
can contribute to the subjective improvement in erectile capacity and sexual function. 
Furthermore, this method of localized drug administration has some distinct advan- 
tages; it is painless, theoretically results in an even distribution of drug throughout the 
plaque, and has no risk of infection and a minimal risk of systemic side effects from the 
drugs. Thereis always arisk of thermal damage to the skin, although this was not reported 
in the published clinical studies. 

Initially, various drugs (lidocaine, orgotein, dexamethasone) were used during EM DA 
of Peyronie's plaques on a trial-and-error basis. However, with increasing experience the 
combination of dexamethasone and verapamil has been selected for drug mechanism or 
action rationale, absence of toxicity, relatively low cost, and effectiveness. 

Employment of verapamil for the treatment of Peyronie’s disease has a solid scientific 
basis (20,21), and its accelerated electromotive delivery is a consequence of electrical 
repulsion between the anode and positively charged verapamil ions (22). The use of dexa- 
methasone rests on previous case reports (5,7) and the effectiveness of the combination 
of verapamil and dexamethasone in four clinical studies (9- 12). Its mode of electromotive 
administration is unusual. Supplied as the ester, dexamethasone bears a weak negative 
charge with electrical attraction toward the anode that is superseded by an electroosmo- 
tic flow of water accompanying the flux of positively charged ions (verapamil) away from 
the anode and transporting dexamethasone againstits coulombic gradient, known as sol- 
vent drag (16). Electric currentreadily accelerates transdermal administration of lidocaine 
(22). This agent was used in the control group because, like verapamil, itis a vasodilator, 
and its local anesthetic action provides pain relief during and immediately after treatment. 

Although noninvasive intraplaque administration of “anti-collagen” /anti-inflamma- 
tory agents resulted in significant improvement in patients with Peyronie’s disease, there 
were some unexplained features. A bout 30% of the study group showed a poor or absent 
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objective response, yet their disease had no distinguishing characteristics from the respond- 
ers, and the reduction in measurable plaque volume of responders was prompt, which was 
not the case in patients treated with intralesional injections (3). This may be caused by 
variable levels of drug delivery to the plaque or the unique plaque characteristics of each 
individual. 

At the 2003 annual meeting of the American Urological Association, two investiga- 
tors reported on prospective controlled studies for treatment of the disease (23,24). One 
described intralesional electromotive administration of verapamil, the other intralesional 
injections of interferon, and both reported objective improvement of curvature in their 
control arms using 0.9% NaCl as placebo: 50% of patients in the electromotive group 
and 39% in the injection group, which easily exceed spontaneous remission rates of 29, 
13, and 7% reported for the natural history of the disease (20-22). It can be (and was) 
argued that the patient population in the electromotive study is as yet too small, but the 
same restriction does not apply to the injection study, which had an adequate number. 

These unexpected findings elicited a suggestion that energetic interference— electric 
current or multiple injections— somehow arrested or reversed the disease process (23). 
If so, this does not explain the results in our lidocaine control group, who demonstrated 
no significant improvement. Obviously, these and other studies must be pursued with 
particular attention directed toward placebo agents. A localized pharmacological action 
caused by NaCl per seis almostimpossible to conceive. But, an agent such as lidocaine 
exhibits membrane-stabilizing properties, which may interfere with energy delivery or 
the tissue-remodeling process. There are other possibilities, and at present, the only firm 
conclusion to be drawn is that investigators dealing with Peyronie’s disease must rec- 
ognize the need for further investigation into a complex disorder. 


CONCLUSIONS 


Transdermal electromotive administration of verapamil and dexamethasone for Pey- 
ronie’s disease is a safe and effective treatment. Results appear better when treatments 
are applied shortly after disease onset (acute phase), but there have also been benefits 
repeated in mature lesions. 
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Ultrasound, Laser, Gels/Creams/Solutions 


Paul E Engelhardt, mp and Claus R. Riedl, mp 


SUMMARY 


Topical therapy for Peyronie’ s diseasehas been offered sincethetimeof dela Peyronie. 
It would seem that, given the readily palpable location of a Peyronie’s plaque, direct 
application to the skin over the plaque would be a reasonable treatment option. U nfortu- 
nately, owing to the barrier effect of the skin and the vascularity of the underlying tissue 
layers, getting adequate levels of atopically applied agent to the underlying plaque has 
proved to be challenging. This chapter reviews the treatments that have been used as 
topical agents for Peyronie's disease with particular focus on energy transfer methods 
to enhance drug penetration either alone or in combination with topical agents, includ- 
ing steroids, 8-aminopropionitrile, verapamil creams, and liposomal superoxide dis- 
mutase gel. Clearly, the development of an easily applied therapy that has evidence of 
benefit for the patient with Peyronie’s disease would be much appreciated. For this to 
occur, further study of the pathogenesis of this disorder will be necessary to allow devel- 
opment of such topical agents. 


KeyWords: L iposomal superoxide dismutase; Peyronie’ s disease; topical laser; topi- 
cal therapy; topical ultrasound; verapamil cream. 


INTRODUCTION 


The subdermal, easily palpable location of Peyronie’s cavernosal plaques has made 
local therapy a principal option since the definition of this penile disease. Francois de la 
Peyronie treated his patients, as reported in his initial disease description, with mercury 
and, most exotically, the holy water of the French thermal spa B aréges, which resulted 
in the first reported complete remission (1). In the 1800s, iodine, arsenic, and camphor 
were used, based on the understanding of that epoch that regarded Peyronie's disease (PD) 
as a consequence of venereal infection (which was a frequent medical problem at that 
time) (2,3). 

Topical therapies include not only ointments and gels, but also physical devices that 
deliver energy to the plaques with the perspectives of possible resolution of induration 
and remodeling of cavernosal deformation. In 1943, Wesson was the first to report on 
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the use of shortwave diathermy for PD therapy (4). However, despite the ostensible acces- 
sibility of the plaques, topical regimens have failed to demonstrate significant efficacy 
in general. This has led to more refined methods for drug or energy application to the 
plaques, like electromotive drug administration and extracorporeal shockwave therapy. 

Similar to other conservative treatment regimens, topical therapies are mainly (if not 
exclusively) beneficial in the early inflammatory and painful stage of PD (5,6). Nonoper- 
ative therapies are mainly symptom directed and should be regarded as analgesic as well 
as preventive against disease progression. However, because the number of controlled 
investigations commenting on these statements is sparse, they cannot be supported with- 
out discussion. Although improvement has been reported with a multitude of conserva- 
tive therapies, predictability and consistency of results vary considerably. 


LASER AND ULTRASOUND THERAPY 


Laser and ultrasound therapy for PD havenever been established as a standard treatment 
option. No reports on laser therapy are availablein the literature written in English. R egi- 
mens (single vs combination therapy) vary, as do the lasers and ultrasound devices used 
for therapy. 

Felipetto etal. compared local combination therapy with laser and ultrasound to plaque 
injections with orgotein in 68 patients and stated that the first is at least as effective as 
and significantly better tolerated than the second (7). 

M azo used ahelium-neon laser-based device called Ulamag to treat 713 patients with 
PD between 1981 and 1988 and observed excellent results in 16% and good results in 75% 
of his patients, as judged by decrease of plaque size and hardness as well as disappear- 
ance of pain and resumption of sexual life. Complete cure was obtained only in patients 
with initial-stage disease (8). 

A s early as 1961, Dugois cited a series of 20 cases of PD that were treated with a mini- 
mum of 20 sessions of local ultrasound and showed a high rate of improvement that was 
even accelerated in conjunction with a-chymotrypsin injections (9). Liakhovitskii treated 
67 patients with ultrasound and noted a high rate of response, with absence or marked 
decrease of pain after 20-25 treatments in 52 patients (10). Animprovement of curvature 
or plaque size was observed to a lesser degree. 

In 1967, Heslop et al. reported on nine patients treated with ultrasound therapy. T hey 
applied a dose of up to 3 W/cm? for 10 min and performed 6-42 sessions (average 16 
sessions). Although the clinical assessment suggested a good outcome after therapy, 
with two patients cured and five improved, the subjective evaluation of the patients 
seemed to be unsatisfactory regarding restitution of sexual function. The authors criti- 
cally stated that ultrasound in their hands was not any more effective than other methods 
described in the literature, but with its simplicity bears some advantage over more inva- 
sive and expensive therapies. They commented that pain was usually relieved after a 
course of six treatments, and that once pain ceased, they saw little advantage in continu- 
ing the treatment (11). 

Frank and Scott reported in 1971 on the efficacy of ultrasonic treatment for symptom- 
atic PD (12). There were 25 patients treated five times per week for 5 min with 1.5 W/ 
cm2. The total number of treatments varied individually. Subjective improvement was 
noted by 23 of 25 patients regarding overall sexual function, and a decrease in plaque 
size occurred in 19 of 25 patients. T he authors hypothesized that heat production attissue 
interfaces might be the mechanism responsible for the good results observed. 
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M iller and Ardizzone combined ultrasound with a hydrocortisone ointment used as 
a conducting vehicle (13). They suggested that the steroid drug is transported into the 
tissue by the ultrasound energy. Therapy was standardized for 10 treatments in daily inter- 
vals with a dose of 1.5 W/cm2 and a treatment time of 5 min. This treatment course was 
repeated after 6-8 wk on the patient’ s request, resulting in up to six courses for 3 patients. 
Of the patients, 19/25 were regarded as improved, with most of the patients showing a 
decrease in plaque size (14) and pain (9) and only 4 an improvement of penile deviation. 

No morbidity was described from proper application of the various ultrasound devices 
used by these authors. 


LOCAL MEDICAL THERAPY 


Although local therapies with gels and ointments have certainly been widely used for 
PD throughout centuries, mostly without rationale and documentation, there are few 
reports on these therapeutic attempts. Whether this is because of the lack of success is 
not known. 

In 1977, Gartner and Heise reported good success with local application of a solution 
containing prednisolone (0.125) and dimethyl! sulfoxide (90.0, completed with aqua ad 
100.0) (15). This solution was put on the penile lesions with a brush (about 0.1 mL) twice 
a day and continued for 3 mo, eventually followed by retreatment after a 4-wk break. A II 
10 patients had painful lesions beforetherapy, and pain resolvedin 5 patients and improved 
in the remaining ones. No definable change of plaques and deviation was observed. No 
side effects occurred except mild dermatitis at initiation of therapy. The authors admitted 
that this treatment was not very successful from an objective point of view but appreci- 
ably relieved subjective symptoms in patients with PD. 

Gelbard et al. treated nine patients with a 4-wk course of 6-aminopropionitrile free 
base as the pure liquid (16). The drug was applied topically over the plaque twice daily 
ina dosage of 15-20 wL/cm? and formed athin film over the area of thelesion. B-A mino- 
propionitrile prevents crosslinking of collagen by irreversible inhibition of lysyl oxi- 
dase, and this mechanism was considered beneficial for PD tunical changes. However, 
only three of nine patients reported subjective improvement of pain, and another two 
reported reduction of penile bending, whereas no objective change of PD symptoms was 
observed. T he authors stated that outcome was unimpressive but that this kind of therapy 
had a rational basis and might lead to more successful approaches. 


VERAPAMIL GEL/CREAM 


Local therapy with verapamil, acalcium antagonist normally used for treatment of car- 
diac arrhythmias and hypertension, was introduced as an intralesional injection therapy 
by Levine etal. in 1994 (14). The rationale for using this drug is that production and secre- 
tion of the major plaque components collagen, fibronectin, and glycosaminoglycans is 
acalcium-dependent process that can be reduced by calcium antagonists (17-19). Simi- 
larly, the proteolytic activity of collagenase is increased with consecutive enhancement 
of tissue remodeling (20,21). 

Several reports of various investigators (including only one controlled study) suggested 
that intralesional verapamil injections are effective in reducing PD symptoms and tissue 
changes in an appreciable proportion of patients (22). The same has been postulated for 
the broadly advertised topical verapamil creams that are produced in patented formula- 
tions but not Food and Drug Administration approved. In 2001, Fitch and Easterling 
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reported on a four-arm controlled study of 57 patients with PD comparing the efficacy 
of topical verapamil gel, trifluoperazine, magnesium sulfate, and placebo for a treatment 
period of 3 mo (23). Verapamil proved to be more effective than the other drugs, with 
an improvement of curvature in 91.7% of patients (vs 14.3-26.7% for the other three 
groups), a decrease of plaque volume in 91.7% (37.5- 70%), pain resolution in 100%, and 
an improvement of erectile function in 71%. Interestingly, a larger set of data from the 
same authors but dated 1 yr earlier (2000) has been released on the Internet; this report 
presents the outcome of 608 patients treated with 40 mg verapamil gel twice daily for 
1-16 mo (24). Improvement rates were lower than in the first report. 

These favorable reports with verapamil gel have never been published in peer-reviewed 
journals and are heavily contradicted by a study by M artin etal. published in 2002 (25): 
In eight men undergoing penile prosthesis implantation, verapamil gel was applied to the 
penileskin for 12 h, followed by tunical biopsy during the planned procedure and verap- 
amil assessment in the tunical tissue and urine by high-power laser diode. In contrast to 
small amounts of verapamil found in urine, no verapamil was detected in any of the tunica 
Specimens examined. The authors stated that, based on these findings, the use of trans- 
dermal verapamil for PD has no scientific basis. 

In addition to these findings, Lee and Ping found in 1990 that the effect of verapamil 
on collagen synthesis and collagenase activity is dose dependent, and that adequate local 
amounts of verapamil can only be obtained by injection to avoid systemic side effects 
(19). Thus, itis questionable whether transdermal formulations of verapamil could ever 
show any efficacy equivalent to intralesional injections or, more conveniently, electro- 
motive drug administration, an electrokinetic procedure that has been shown to deliver 
verapamil in adequate quantities to tunical tissue (26). 


LIPOSOMAL SUPEROXIDE DISMUTASE GEL 


Superoxide dismutase (SOD) is a potent radical-scavenging enzyme capable of inter- 
rupting inflammatory cascades by tissue deprivation of free oxygen radicals. In the 1980s, 
promising results were obtained with intralesional injection of bovine-typeSOD insev- 
eral small uncontrolled studies (27-33). It was hypothesized that reduction or interrup- 
tion of the inflammatory process in early PD could stop or even reverse the typical dis- 
ease-related symptoms. Because of the withdrawal of bovine SOD from the market in 
1993 as aconsequence of severe allergic reactions, these early results have not been con- 
firmed in controlled studies. 

B ecause SOD is an extremely potent anti-inflammatory enzyme, the former promising 
conceptwas carried out when human recombinant Cu/Zn-SOD in aliposomal formulation 
(IrhSOD) was manufactured (34-36). The main advantage of IrhSOD is its administra- 
bility as a topical gel, and adequate tissue penetration of the active ingredient as a conse- 
quence of liposomal encapsulation technology has been demonstrated (37,38). In an 
uncontrolled pilot study, this human SOD proved to be beneficial in painful early-stage 
PD, with significant and fast resolution of pain symptoms, comparable to the results of 
the prior studies with injectable bovine SOD (39). Subsequently, a prospective placebo- 
controlled, double-blind, multicenter clinical trial was performed to confirm these en- 
couraging results (40). During a 4-wk period, 39 patients with painful PD lesions were 
treated either with IrhSOD gel (2 mg SOD per gram gel) or placebo twice daily. A fter 
evaluation atthis primary study end point, patients were treated for another 8 wk in a cross- 
over design to ensure SOD therapy for all study participants for 8 wk. 
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Significant pain reduction (>50% from baseline as evaluated by a10-point visual ana- 
loguescale) after 4 wk of treatment was achieved by 10 of 19 (52.6%) patients in the active 
drug group and 4 of 20 (20%) of the placebo group. This difference was statistically 
significant (p =0.017). A fter 8 wk of IrhSOD therapy, 89% of patients showed signifi- 
cant reduction of pain, 47% had areduction of plaque size, and 23% had an improvement 
of deviation, whereas 10% of patients reported an increase of deviation. Except for mild 
skin reactions in 2 patients, no side effects were observed from local IrhSO D administra- 
tion. In summary, IrhSOD therapy was rated successful by 71% of patients (40). 


CONCLUSION 


Despite the existence of a multitude of logical arguments and concepts for local drug 
and physical therapies, none of the methods presented in this chapter have made their 
way to become standard treatment. Similar to all conservative therapies, these proce- 
dures seem to be beneficial in resolving painin theinitial stage of PD (and maybe prevent 
disease progression, which is reported to be as high as 40% in untreated cases), reduce 
plaquesize, and restore sexual function (41). T heeffecton penile deviation is unsubstan- 
tial, but straightening of the penis is undoubtedly in thesurgical domain (42). The results 
of ultrasound and laser therapy do not seem any better, but are not much worse than those 
reported for extracorporeal shockwave therapy, with costs not taken into consideration. 
Theideal drug for local application is still to be defined. ThelrhSOD may bea candidate, 
but the advantage of enhanced transdermal penetration by liposomal drug encapsulation 
may also be extended to other drugs with proven or suspected efficacy in PD. The aim 
of having a gel for local self-administration as an ideal therapy should not be disregarded 
and represents one of the future goals in urology. The availability of an easily admin- 
istrable therapy will open the door to early treatmentin the painful early stages of disease 
and itis hoped will prevent development of distressing penile deformities that require 
surgical correction. 
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10 Combination Nonsurgical Therapy 


Vincenzo Mirone, MD 


SUMMARY 


Over the years, physicians have been searching for an effective way to treat Pey- 
ronie’s disease (PD). This disorder remains poorly understood. As a result, there is no 
straightforward reliable therapy. W hen itis feltthat medical therapy isin order, itis best 
started at the early stages of acute inflammation, when the therapy can potentially 
prevent the evolution of fibrosis. A variety of combined treatments have been tried in 
the past appearing to give better results than monotherapy. Various types of energy 
transfer, including shockwave therapy, orthovoltage radiation, ultrasound, laser therapy, 
and shortwave diathermy, have been used for PD. The best reported clinical results have 
been obtained by combining laser therapy with shockwave therapy, especially for pain 
resolution. Treatment outcomes concerning reducing penile curvature and plaque resorp- 
tion have been disappointing. Published reports have demonstrated the best results of 
combination therapy with shockwave therapy and intralesional injection of verapamil 
as this approach appears not only to reduce pain but also to improve penile deformity. 
This chapter reviews the results of nonsurgical combination therapy in the treatment 
of PD. 


Key Words: Extracorporeal shockwave therapy (ESWT); intralesional injection 
therapy; laser therapy; nonoperative therapy; Peyronie's disease (PD). 


INTRODUCTION 


Thehistory of medical progress has always been accomplished by seeking new methods 
of treatment based on experience, observation, and experiments. Over the years, physi- 


cians have been searching for the right way to deal with Peyronie's disease (PD). It has 
always been poorly understood. 


There are many kinds of etiopathogenic hypotheses (traumatic, infective, immune, 


autoimmune), and the disease’ s natural history can develop in variable ways, ranging from 
slow or fast evolution. Because of the disease’s numerous characteristics, following a 
common standard for an effective therapy is very difficult. There are no clear reasons 
for the disease and no straightforward treatment. 


Asearly as 1652, Tulp suggested the application of oil poultices, and in 1743 la Pey- 
ronie tried a therapy using douches with local B aréges spa water. Other methods, such 


as iodine, mercury, camphor, and iodoform were applied but without success. 
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Table 1 
Combination Therapy 
ESWT Laser 
ESWT Verapamil 


Radiotherapy Vitamin E 
lontophoresis (Lidocaine, verapamil) 


ESWT, extracorporeal shockwave therapy. 


At the beginning of 1950, Teasley introduced a valid therapy by injecting cortisone 
directly into the plaque of the penis. A few years later, Bodner created one of the first ther- 
apy combinations by adding hyaluronidase to T easley’s treatment. 

The etiology and natural history of PD still remain unknown, but different drug types 
have been used, such as immunosuppressors, anti-inflammatories, cortisones, and anti- 
oxidants. Furthermore, because of the various phases of developmentin PD, an accurate 
assessment of staging the lesion is of great importance for the definition of an appropri- 
ate therapy. 

M ost authors agree that, when possible, the treatment of PD should be observation, 
especially in patients with a slight curvature and no erectile dysfunction. W hen a medical 
therapy is thoughtto be suitable, itshould be started at the early stages of an acute inflam- 
mation, when the therapy can still prevent or atleast stop the evolution in fibrosis. Differ- 
ent kinds of combination therapy have been tried, and it seems that a combination thera- 
peutic approach produces better results than monotherapy. 


TREATMENTS 


Different types of energy transfer, such as shockwave lithotripsy, orthovoltage radia- 
tion, ultrasound, laser therapy, and shortwave diathermy, have been used as a treatment 
for PD (Table 1). 

Extracorporeal shockwave therapy (ESWT) for the treatment of calcified orthopedic 
diseases has been on the increase because of its positive results when treating PD (1). 

Laser therapy is one of the latest procedures in the treatment of PD. High- and low- 
level laser therapy are used locally, and the laser’s biological action is based on local 
vasodilatation of arterioles and capillaries. This allows tissues to use more oxygen and 
correct metabolic imbalance. 

In the use of laser therapy in combination with ESWT, results were strongly variable 
depending on patients’ parameters, such as degree of penile curvature, patients’ age, dis- 
ease duration, and plaque’s ecographic appearance. 

The best clinical results have been obtained by combining these two procedures (laser 
therapy and ESWT), especially for pain resolution. R esults concerning penile curvature 
and plaque resorption have been deeply inferior. 

A combined therapy (association of ESWT and aninjection of calcium channel blockers 
[CCBs]) seems to obtain the best results (2). This combined therapy not only reduces 
pain but also improves penile curvature (3). Theintralesional therapy includes injection 
of aCCB, purified clostridial collagenase, steroids, and interferons. 

The treatment with injection of aCCB such as verapamil is the preferred intralesional 
therapy used today. It is based on its effectiveness on cytokine expression in the early 
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phases of inflammation and wound healing and increasing effect on the proteolytic activ- 
ity of collagenase. W ith this kind of therapy, curvatureimproves, half of the patients report 
better sexual performance, and almost 80% note an arrest in disease progression, but it 
does not decrease penile shaft narrowing. Theonly side effects are pain and ecchymosis. 

Clostridial collagenase is usually used only for moderate degrees of PD because it alters 
the collagen content of penile plaque, but severe curvature does not respond signifi- 
cantly to this therapy. 

Treatment with steroids has been used mainly for recalcitrant painful plaque, but this 
treatment does not really treat curvature. Steroids decrease collagen synthesis because of 
their anti-inflammatory properties, but they also have many local side effects, such as 
local tissue atrophy and skin thinning. 

Interferons, as well as clostridial collagenase, seem to be more useful only in patients 
with small plaques, but the only side effects in this treatment are influenza symptoms. 

M edical therapy includes colchicine, acetyl-L-carnitine, potassium aminobenzoate, 
and vitamin E. All are used as oral systemic agents. Colchicine induces collagenase activ- 
ity and decreases collagen synthesis, which are both ideal effects because plaques are 
a localized fibrosis caused by increased collagen (4,5). The side effects are mainly diar- 
rhea, nausea, or liver disorders (6). Colchicine works in the inflammatory phase as well 
as in the fibrotic phase of this disease. The decrease or disappearance of plaque, the 
improvement of thecurvature, and relief of pain during erection along with minimal side 
effects make colchicine considered a very potential treatment of men with PD (6). 

A cetyl-L-carnitine also seems to bring asignificant decrease in penile pain and plaque 
size. The mechanism of action of potassium aminobenzoate is based on the increased 
activity of monoamine oxidase, which decreases serotonin, and this effect decreases fibro- 
genesis. Gastrointestinal upset seems to be the most frequent side effect. Vitamin E is 
normally used in the treatment of PD for its antioxidant properties. 

lontophoresis is a painless treatment based on transdermal drug mixture (dexametha- 
sone, lidocaine, and verapamil) transported into the diseased tissues. It is especially 
effective in the early stages of PD and for deviation less than 60°. The combination of 
dexamethasone and verapamil, both effective in this disease, brings better results than 
drug monotherapy, and lidocaine is used in this drug mixture, not to cure the lesion, but 
to reduce pain and increase dexamethasone transport (7). 

In contrast with multiple injections that are difficult to perform and do not distribute 
the drug to the entire lesion, iontophoresis in a homogenous way delivers drugs to the 
entire lesion without any pain for the patient. The main and mostimportant effects of ion- 
tophoresis are relevant pain reduction in almost all patients, and better erectile function 
and sexual activity and reduced penile curvature in almost half of the patients. W hat seems 
to beimportant is also the disease duration; the longer the disease lasts, the less success- 
ful are the results of iontophoresis. Usually, the patient needs about 2 wk of therapy to 
reach a painless state. 

T hegreatest advantages of this procedurearethatit strongly slows and prevents deter- 
ioration of the plaque’s lesions, especially in the early stages (less than 12 mo) of PD. It 
is completely painless and almost without side effects for the patient. 

Radiotherapy is also used as a treatmentin plastic induration of the penis. Its strength 
is based on noninvasiveness; most patients note less penile pain after this treatment, and 
almost half of the patients describe improved sex life, regression of the plaque, and less 
penile curvature (8). 
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W hatisimportantin this kind of therapy isthe dose-response relation because more bene- 
fit seems to be derived from low-dose radiotherapy than from high-dose therapy. A Iso, 
in this case the earlier the treatment is started, the more satisfying the results will be (8). 

The literature often states that plastic induration of the penis improves frequently ina 
spontaneous way in untreated patients within 12-18 mo. Almostall of the patients respond 
to radiotherapy within 2 mo. It is then reasonable to underline that, with this noninvasive 
treatment, patients will suffer less and are going to benefit earlier. 


OUR EXPERIENCE 


Weused the association of ESWT and verapamil as acombination therapy to treat PD. 
ESWT seems to improve vascularization, and this mechanism is likely to bring metabolic 
activation of connective tissue and consecutively to absorb the calcification (9). ESWT 
causes positive results mainly in the improvement of sexual function and reduction of 
pain during erection, even though the effect on peniledeviation and on plaque size seems 
not to be relevant (1). Verapamil is the preferred calcium channel blocker used in the 
intralesional therapy. B ecause of their singular characteristics, we chose to combine these 
two procedures. 

Reports asserted that the inflammation is the result, rather than the cause, of the pro- 
cess in the tunica (10). Devine et al. (11) associated minimal trauma, possibly during 
sexual intercourse in susceptible men, with the occurrence of PD. Their data strengthen 
the hypothesis that PD is initiated and sustained by tissue trauma and identified fibrin 
as a critical determinant in the pathogenesis of this condition. 

Previous studies have shown theimportance of calcium inthe metabolism of fibroblasts 
and in the neosynthesis of collagen. Therefore, calcium antagonists such as verapamil 
were studied particularly for their antifibroblastic effect. It has been demonstrated that 
ESWT, successfully used in orthopedic or salivary stones because of its lithotriptic power, 
can also be useful to break Peyronie’s plaques (9). Furthermore, the suggestion of a syn- 
ergy between mechanical and biochemical plaque-disintegrating actions has been sup- 
ported by our results (2). 

To confirm or refute our previous therapeutic model for P D , awell-standardized method 
isstrongly needed to evaluate better the histology and the evolution of the plaquein con- 
secutive pathogenetic steps. 

In our experience, 130 patients mean age 49 yr (range 28-61 yr) were divided into 
three treatment groups: (1) shockwaves alonein 21 patients; (2) acombination of shock- 
waves and verapamil (perilesional injection) in 36 patients; and (3) verapamil alonein 73 
patients (2) (Table 2). 

The shockwaves are produced by a therapeutic source and focused by a paraboloid 
reflector. The focal pointis 40 mm from the edge of the therapeutic source (Fig. 1). The 
aperture is 85.5°, and its focus expands, changing the energy level; the ranges are 25 <> 
2.4< 2.4mm. The waves are therefore extracorporeal, and they hit the patient's body, 
passing throughout an interface and some superficial gelatin. The patients were quiet in 
the supine position with flexed legs. The penis was placed on a support that could be 
vertically adjusted (Fig. 2). 

After our standardized procedure (10), we decided to verify its effectiveness by per- 
forming anew technique of penile biopsy, suitable for Peyronie’s plaque as well as any 
other pathology of thepenis requiring abiopsy (Fig. 3) (12). Weperformed local anesthe- 
siawith 5 mL of 10% noropineon the site of the disease and with the patientin the supine 
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Table 2 
Our Results 
Group A: Group B: Group C: 
ESWT alone Verapamil + ESWT Verapamil alone 
N % N % N % 
Ultrasound plaque 11/21 52.3 22/36 61.1 31/773 42.4 
volume reduction 
Pain alleviation 16/21 76.1 19/23 82.6 36/61 59 
Improvement in 3/5 60 3/4 75 3/12 25 
penile narrowing 
Curvature reduction 11/14 78.5 16/21 76.2 33/51 64.7 
Subjective improvement 9/12 74.9 7/9 77.7 31/56 55.3 


in intercourse 


ESWT, electrohydraulic shockwave therapy. 


Fig. L The balloon probe. 


position. The skin and the superficial fascia of the penis were incised for 2-3 mm, and 
the “tube shape” cutting edge of the punch was applied on the plaque, keeping the device 
normal to the main axis of the penis. The blade was then slowly advanced, turning the 
opposite edge of thetool (Fig. 4), giving riseto rotational progression of thecylinder into 
the plaque and obtaining a cylindrical core of tissue. The wound was then sutured with 
4-0 plain catgut stitches. T he core obtained was up to 3-4 mm long and 2 mm in diameter 
and wasimmediately washed of blood and any residual tissue (Fig. 5), placed in Bouin's 
solution, and submitted for histological analysis. 
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Fig. 2.A graphic representation of the treatment. 


Fig. 3. The tool is positioned perpendicular to the longitudinal axis of the penis. 


A few weeks later, mean 58 d (range 16-86 d), differentsurgical treatments for PD were 
performed: Nesbit operation (29 patients), plaque excision with auto-/heterologous graft 
(16 patients), or penile prosthesis implant (7 patients). During open surgery, a second 
tissue specimen for each patient was obtained and processed exactly as the A cu-Punch 
(A cuderm Inc.) cores. The Acu-Punch and the surgical biopsies were all performed by 
the same operator; the A cu-Punch cores and surgical biopsies were analyzed by thesame 
pathologist with light, scanning, and transmission electron microscopy ( and 7). 

Our goal was to evaluate the efficacy of thetreatmentin improving plaquevolume, pain, 
and penile deformity. A reduction of plaque was found in 260 of 380 patients (68.4%) 
treated with ESWT and verapamil and in 2 of /92 patients (30.4% ) treated with verapamil 
injections alone. The suggestion of a synergism between mechanical and biochemical 
plaque-disintegrating actions of ESWT and verapamil, respectively, was supported by 
our results (2,12). 
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Fig. 4 A cu-Punch (A cuderm Inc.). 


SUP re yes à r s 
Fig. 5. The core obtained is 3-4 mm long and 2 mm in diameter and consists of both tunica 
albugineal and cavernosal tissue. 


In conclusion, we can say that the therapeutic association could be an effective non- 
operative treatment to stabilize the progression of PD. 


CONCLUSION 


Every therapeutic agent demonstrates a valid scientific basis that is connected to the 
physiopathology of the illness, even though it may be unknown. B ecause singularly pre- 
scribed treatment did not give the foreseen results, the proposal for a combined therapy 
was adopted. 

A dvancesin basic research of wound healing and scarring have aided our understand- 
ing of PD. With continued discovery, treatment of PD will movetoward halting and revers- 
ing the fibrosis and scarring responsible for this disease. Initial management of PD should 
be conservative with expectant therapy and medical management. 
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Fig. 6.Histological analysis of A cu-Punch coreobtained from Peyronie's plaquepre-extracorporeal 
shockwavetherapy. 


Fh, 
ey Po. 
Fig. 7.Histological analysis of A cu-Punch coreobtained from Peyronie’ s plaque post-extracorpored 
shockwavetherapy. 


W hile waiting to discover a standard method of treatment that is followed under rigid 
observation, a physiopharmacological therapy has also been utilized in our institution for 
the last 8 yr, producing better results than any other so far. Further progress for treatment 
could derive from histomorphometric studies creating a valid understanding of the 
induratio penis plastica diagnosis and presenting auseful knowledge of illnesses associ- 
ated with penile tissues. 

These methods could demonstrate their utility in the selection of patients for the various 
types of combined therapy and to understand the prognosis. 
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1] Extracorporeal Shockwave Therapy 


in Peyronie’s Disease 


Ekkehard W. Hauck, mp and Wolfgang Weidner, MD 


SUMMARY 


Extracorporeal shockwave therapy (ESWT) has been on the rise for the treatment 
of Peyronie's disease. There have been 21 original papers, 1 meta-analysis, and 2 review 
articles published. Analyzing these studies systematically, ESWT seems to have an 
effect on penile pain during erection and on the improvement of sexual function. It 
seems that pain resolves faster after ESWT treatment than during the course of natural 
history. The effect on plaque size and penile curvature is less impressive. The most 
recent studies do not provide evidence that ESWT hasan effect on curvature and plaque 
size. Despite the lack of severe side effects, the data concerning efficacy published to 
date do notjustify recognizing ESWT as an evidence-based, standard procedure for the 
treatment of Peyronie's disease. 


Key Words: E xtracorporeal shockwave therapy; ESWT; Peyronie’s disease; analysis. 


INTRODUCTION 


During the initial progressive stage of Peyronie’s disease (PD), therapy should be 
conservative. However, most concepts of oral and intralesional drug treatment are not 
effective (1,2 ).Nosubstanceis available that can cureall symptoms of PD in all patients. 
However, surgery is only indicated in the stable, nonprogressive stage of the disorder 
(3). Moreover, not all patients who are candidates for surgical procedures are willing to 
undergo them. Deducing from these aspects, a high number of patients affected by PD 
ask for an alternative treatment, especially after unsuccessful drug therapy. It is their 
intention to avoid a surgical correction or to regard it as the last alternative. Extracor- 
poreal shockwave therapy (ESWT) has been emphasized as a semi-invasive procedure 
to fill this therapeutic gap. 


HISTORY 


Theuseof ESWT fortreatment of PD was first described by B ellorofonteetal.in 1989 
(4). This Italian paper reported more or less anecdotally on a series of a 16 patients who 
had undergone ESWT for penile fibrosis as a result of different causes, such as after pria- 
pism, removal of apenileimplant, after cavernosography, or, in 9 cases, PD. A fter a decade 
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of silence concerning this alternative approach, a larger series of 52 patients treated by 
ESWT was presented by Butz and Teichert at the annual meeting of the A merican U ro- 
logical Association in 1998 (5). ESWT has been on the rise, mainly in Europe. This has 
resulted in an increasing amount of articles, with 21 original papers (5-25), 1 meta-analy- 
sis (26) and 2 review articles (27,28) published. At major international and many local 
meetings, there has been an incredible flood of abstracts of limited scientific value pre- 
sented during the last several years. 


MODE OF ACTION 


Despite the wide distribution of ESWT, not much is known about its mode of action 
in PD. The rationale for use in this fibrotic disorder has still not been clarified. Extra- 
corporeal shockwave lithotripsy is well known to urologists as first-line therapy for the 
treatment of nephrolithiasis. The shockwaves crush the stone into small pieces that can 
leave the urinary tract spontaneously or can be extracted by endourological maneuvers. 
Shockwaves are also applied successfully for the treatment of salivary stones (29). 

Special lithotripters have been constructed for the superficial administration of shock 
waves in orthopedic diseases. Sincethe early 1990s, ESWT has been widely used to treat 
various calcified and noncalcified orthopedic disorders (30). Four indications seem to 
be accepted: tendinosis calcarea of the shoulder, also called periarthritis humeroscap- 
ularis; the tennis or golfer elbow, epicondylopathia humeri radialis; calcaneal spur; and 
in some respects, pseudarthrosis (30,31). 

However, a definite mode of action for the treatment of nephrolithiasis has not been 
described thus far. An improvement of vascularization with consecutive resorption of 
calcification or dissolution has been discussed as one possiblemechanism of ESWT (30, 
31). Concerning the noncalcified diseases, a change in the milieu of the free radicals or 
a direct disturbance of pain receptors could be the reason for the pain-relieving effect 
(31). A nother possible effect could be analgesia after hyperstimulation of the pain recep- 
tors by shockwaves. 

B ecausePD isalso aninflammatory disease at the initial stage with fibrosis of thetunica 
albuginea or calcified plaques during its course, ESWT was introduced in the treatment 
of this disorder. However, the definite modes of action remain unclear. 

B asic research on animal models and histological clinical investigations that can defin- 
itely explain the effect of ESWT in PD is not available. Only one study has been per- 
formed that investigated the effect of ESWT on the penis of the rat (32). This controlled 
approach in an animal model resulted in no different effects concerning hemodynamic 
and histopathology parameters comparing the group treated by ESWT with the control 
group (32). 

Only one study investigated histological effects on specimens of penile punch biopsy 
in patients who received ESWT (23). A reduction in packing and clumping of the colla- 
gen fibers has been observed by histological examination in the plaques after ESWT (23). 
Such findings were not observed in patients after clinically unsuccessful treatment. 


CLINICAL STUDIES 


Problems of Interpretation and Comparison 


Forfurther evaluation, only theresults from the studies that have been published in peer- 
reviewed journals as original articles have been considered. T here have been 21 articles 
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published from 15 groups of authors. From fivestudy groups with increasing series, only 
the most recent article was included (8,13,17,20,23). However, as described in the metho- 
dology of our explorative meta-analysis, there are several reasons why a direct compari- 
son of these studies is very difficult and should be carefully assessed (26): 


1. The study groups differed considerably in the medical history of the subjects and sever- 
ity of symptoms. 

2. Selection of outcome measures was inconsistent, and measurement itself was not stan- 
dardized. 

3. Effect-size categorization was poorly documented and inconsistent. W hat constitutes 
a clear success, a modest success, or no success at all varied from study to study. Thus, 
success frequencies between studies may be caused by real differences or differences in 
success category definitions. 

4, In orthopedics, even if confined on a well-defined anatomical region, little topological 
differences may come with sizable differences in ESWT outcome (30,33). Exact infor- 
mation on plaque size, location, and consistency may be critical, but typically itis not 
available. 

5. Treatment protocols vary widely, and some of them may be more effective than others. 

6. Only 5 of the 21 studies represent prospective controlled approaches according to their 
own definitions (12-14,17,23,25), and noneis single blinded— real vs simulated ESWT 
— as described in orthopedic studies (33). A case-controlled design was only performed 
by 1 study group (12). 

7. PD is known to show quite divergent natural outcomes (34,35). Therefore, the effect size 
of ESWT in all studies without a proper control group cannot be estimated. 


Technical Parameters 


In the 15 studies, ESWT was performed by seven different types of lithotripters. The 
most common type was the Storz M inilith SL 1 lithotripter, which was used in 9 studies. 
Shockwaves were applied by Wolf Piezolith 2300 (4), Wolf Piezolith 2500 (8), EDAP 
LT-02 (15), Siemens Lithostar (6), Siemens M ultiline (17), and ReflecTron (24) litho- 
triptors. As Table 1 shows, the technical parameters of the settings had a wide, range from 
one to five settings between 2 and 90 d. Only in the series using the Storz M inilith SL1 
did the amount of applied energy seem to be more or less uniform, with an energy flow 
density of 0.11-0.17 mJ /mm? per shockwave. 


Patient Populations 


The study groups differed considerably in the medical history of the subjects and 
severity of symptoms. Treatment of PD beforeESWT varied from none (17), to different 
conservative approaches, to a series that also included patients with previous surgery 
(18). The clinical data of the patients are summarized in Table 2. 


Results 


No severe complications were reported. Only penile pain during administration of 
ESWT, frequently skin hematoma, and rarely hematuriarelating to urethral bleeding were 
observed after the intervention. Table 3 provides an overview of the results of treatment. 
Success rates varied widely for all outcomes: reduction of plaque size in 0-68% of the 
patients, reduction of penile curvature in 0-64%, reduction of penile pain in 56-100%, 
and improvement of sexual function in 12-80% (26). 


CI 


Studygroup 
Abded-Salam et al. (6) 
Baumann et al. (8) 
Bellorofonte et al. (4) 
Butz (9) 

Colombo et al. (10) 
Hanmet al. (11) 
Hauck et al. (13) 
Husain et al. (14) 
Kiyota et al. (15) 
Lebret et al. (17) 
Manikandan et al. (18) 
Michel et al. (20) 
Mirone et al. (23) 


Oeynhausen et al. (24) 
Strebd et al. (25) 


Technical Parameters 


ESWT technique 
Siemens L ithostar 
Wolf Piezolith 2500 
Wolf Piezolith 2300 
Storz Minilith SL1 
Storz Minilith SL1 
Storz Minilith SL1 
Storz Minilith SL1 
Storz Minilith SL1 
EDAP LT-02 
Siemens Multiline 
Storz Minilith SL1 
Storz Minilith SL1 
Storz Minilith SL1 


ReflecTron 
Storz Minilith SL1 


Table 1 


Number of 
settings (n) 


5 (4-10) 


3.9 (3.5) 
1-4 
3 
3-5 
1.6 (1-3) 
3-6 
5 
3 


4.5 (3-6) 
5 


2000-4000 
3000 


Energy per 
shockwave 


15-21 kV 
3 
40-100 MPa 
? 
0.09-0.14 M/M? 
4 
0.11 m/min? 
2-5 
0.04-0.17 M/M? 
4-5 
0.11-0.17 /mmn? 
4-5 
0.11-0.17 m/m? 
450-960 bar 
0.3 m/m 
4-5 
0.11-0.17 m/m? 
3-5 
0.07-0.17 M /mM? 
? 
0.13-0.15 M /mM? 
4-5 
0.11-0.17 /mM? 


STI 


Study group 


Abdel-Salam & al. (6) 
Baumann et al. (8) 
Bedllorofonte et al. (4) 
Butz (9) 

Colombo & al. (10) 
Hammet al. (11) 
Hauck et al. (13) 
Husain et al. (14) 
Kiyota et al. (15) 
Lebre et al. (17) 
Manikandan et al. (18) 
Michel et al. (20) 
Mirone et al. (23) 
Oeynhausen et al. (24) 
Strebel et al. (25) 


Table 2 


Baseline Data of the Patients in 17 Studies on ESWT in Peyronie’s Disease 


Number Age 
of patients (yr, mean, 
(n)? range) 
24 55 (36-67) 
74 54 (29-70) 
9 41 (32-65) 
72 55 (26-74) 
82 54 (44-74) 
28 57 (34-72) 
96 53 (24-69) 
34 56 (24-69) 
4 52 (35-65) 
54 56 (29-76) 
42 55 (32-72) 
35 58 
380 47 (32-71) 
30 55 (28-72) 
52 55 (29-77) 


*The number of patients included in the follow-up is provided. 


History 
(mo, nean, 
range) 


26 (6-240) 
19 (12-72) 
? 

17 (3-96) 
23 (3-120) 
>12 
27 (3-52) 
19 (4-60) 
? 

16 (3-60) 
17 (3-60) 
34 
>6 
25 (4-96) 
19 (4-168) 


Plaque 
calcification 
(n, %) 


YN NN 


36/82 (44%) 
? 


42/96 (44%) 


YN NN NN 


19/30 (63%) 
30/52 (57%) 


Penile 
curvature 


48 (15-90) 
51 (20-90) 
20-40 
48 (20-110) 
20-75 
50 
? 
>30->60 
40 (0-80) 


Stable 
disease 


Yvnepuvuvvvy ll pvvvn Psy 
x 


Treatment 
before 
ESWT 


+ n+ NNNVNEN 


vt tut 


9CI 


Study group 


Follow-up 
(mo, mean, 
range) 


3-9 


Table 3 
Results of Treatment by ESWT 


Mode of 
evaluation 


Reduction 
of plaque 
size (n, %) 


Reduction 
of penile 
curvature (n, %) 


Reduction 
of pain during 
erection (n, %) 


Improvement 
of sexual 
function (n, %) 


Abdel -Salam & al. (6) 


Baumann et al. (8) 


Bellorofonte et al. (4) 


Butz (9) 


Colombo et al. (10) 


Hanmet al. (11) 


Hauck et al. (13) 


24 (4-69) 


12 


12 


9 (3-53) 


Photo 
Ultrasound 
Interview 
Examination 
Telephone 
Interview 
Examination 
Ultrasound 
Artificial erection 
Rigiscan 
Photo/drawing 
Ultrasound 
Interview 
Photo 
Questionnaire 
Ultrasound 
Examination 
Artificial erection 
Photo 
Questionnaire || EF 
Ultrasound 
Examination 
Artificial erection 
Photo 
Ultrasound 
Interview 
Examination 


14/24 (58%) 


34/82 (41%) 


41/96 (43%) 


14/24 (58%) 


37/74 (50%) 


3/9 (33%) 


36% 


24/78 (31%) 


18/28 (64%) 


28/96 (29%) 


17/24 (72%) 


42/47 (89%) 


66% 


31/44 (70%) 


13/16 (81%) 


26/37 (76%) 


14/24 (58%) 


41/74 (55%) 


5/9 (55%) 


50% 


20/28 (71%) 


25/96 (26%) 


LTI 


Husain & al. (14) 


Kiyota & al. (15) 
Lebre et al. (17) 


M ani kandan (18) 


Michel et al. (20) 


Mirone et al. (23) 


Oeynhausen et al. (24) 


Strebel! et al. (25) 


8 (5-11) 


<1 


13 (3-?) 


6 (2-18) 


18 


11 (4-17) 


Artificial erection 
Questionnaire 
Ultrasound 
Examination 
? 

Photo 
Questionnaire | |EF 
Examination 
Artificial erection 
Photo 
Interview 
Examination 
Artificial Erection 
Pain Scale 
Interview 
Examination 
Ultrasound 
Interview 
Examination 
Photo 
Interview 


Photo/Drawing 
Examination 
Ultrasound 
Questionnaire 


1/425% ) 
23/54 (43%) 


260/380 (68%) 


20/30 (67%) 


Ultrasound Examination 


15/32 (47%) 


0/4 (0%) 


29/51 (54%) 


22/38 (58%) 


5/24 (21%) 


17/29 (58%) 


16/52 (31%) 


12/20 (60%) 


4/4 (100%) 


31/34 (91%) 


21/25 (84%) 


16/17 (94%) 


312/340 (92%) 


13/16 (81%) 


28/30 (93%) 


? 
6/24 (25%) 


5/42 (12%) 


9/35 (26%) 


303/380 (80%) 
17/30 (56%) 


11/40 (28%) 
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Despite the varied percentage change of the symptoms in the different studies, the 
quantity of improvement of each symptom should be regarded. E xact data on quantifica- 
tion of changes in plaque size were not provided in most studies. Only the two most recent 
studies (13,25) provided exact data on the change of plaque size. In these two studies, 
no significant changes of plaque size were observed in comparing the total number of 
patients before and after the intervention (13,25). In the study by Hauck et al. (13), the 
mean plaquesizeremained stable, with 509 mm? (range 25-1600) beforeESWT and 499 
mm? (0-1600) after ESWT. Exactly the same course was reported by Strebel et al. (25). 
In this series, the mean plaque size was 246 mm? (21-875) before and 242 mm? (9-900) 
after therapy. This tendency was confirmed by another study that reported no significant 
differences concerning plaque size before and after ESWT (20). 

Concerning the changes of penile curvature, the situation is similar. An early study 
described asignificant(p <0.001) decrease of mean curvature of 12.8°, from 50.5° (20- 
90°) to 37.7° (10-80°) (14). This tendency of statistically significant improvements of 
curvature could not be confirmed by three further studies that provided information con- 
cerning quantity of changes for the total population of patients. M ichel et al. (20) observed 
a decrease of mean curvature from 59.3° to 49.3° without reaching significance (20). In 
the series from H auck etal. (13), the mean curvature decreased without significance from 
48.3° (15-90°) to 42.5° (0-90°). The subanalyses, depending on the degree of curvature 
before the intervention (0- 30°, 31- 60°, 61-90°), revealed a statistically significant decrease 
of curvature of 7.2° only for the subset between 31 and 60°. In this group, curvature decreased 
by 7.2°, from 47.7° (35- 60°) to 38.5° (0-80°). In the study from Strebel et al. (25), no 
significant changes of curvature for the total group of patients were observed (25). The 
mean curvature was 40° (0- 80°) before treatment and 37° (0- 80°) after the intervention. 

The more subjective symptoms of penile pain and the changes in sexual function are 
more difficult to quantify as no standardized instruments were used in most studies. T hus, 
most results defining a positive response after ESWT relied on the more or less subjective 
assessment of the patient or the clinician. 


EXPLORATIVE META-ANALYSIS OF THE CLINICAL STUDIES 


Only one early study was performed in acase-controlled approach (12); it compared the 
effect of ESWT, with untreated patients representing the natural course of the disease. 
In this series, only a borderline significant effect on the decrease of penile curvature was 
observed. T here were no significant differences concerning changes of plaque size, penile 
pain, or the subjective assessment of sexual function compared with the controls (12). In 
the remaining, often retrospective, studies, no controls were available. During the natural 
course, improvement of symptoms, especially the spontaneous resolution of pain with 
time, has been described in the majority of patients (34,35). Also, placebo-controlled 
studies of drug therapy revealed remarkable “response rates” for placebo (36,37). Thus, 
the effect concerning the different parameters cannot really be assessed objectively with- 
out appropriate controls. 

An exploratory meta-analysis of the studies published as peer-reviewed articles or 
abstracts at the annual meetings of the A merican U rological A ssociation and the E uropean 
Association of Urology was performed (26). As mentioned in the section on problems 
in interpretation and comparison, an exploratory meta-analysis was carried out because 
a methodologically sound meta-analysis lege artis did not appear appropriate as treated 
groups differed considerably in structure; the selection of outcome measures was inconsis- 
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tent, and the measurement was not standardized. Thus, this study has an exploratory char- 
acter (26). Four control groups taken from the literature were included, two from reports 
on the natural history (34,35) and two comparison groups from series on ESWT (12,23). 
The results of this exploratory meta-analysis can be summarized as follows (26): ESWT 
seems to have an effect on penile pain during erection and on theimprovement of sexual 
function. It seems that pain resolves faster after ESW T treatment than during the natural 
course. The effect on plaque size and penile curvatureis less impressive. Deducing from 
the data of this exploratory meta-analysis, the effect on plaque size and curvature remains 
questionable. ESWT is not an evidence-based therapy at the present time. 


DISCUSSION 


The different studies had a wide range of treatment outcome. There are many reasons 
why itis problematic to compare the results of the different studies. H owever, some ques- 
tions should be discussed. 

ESWT seems to havea good effecton penilepain during erection. Evidently, pain seems 
to resolve faster after ESWT treatment than during the natural course. H owever, the ques- 
tion remains whether itis really valuable to treat the symptom pain that usually resolves 
spontaneously with time. 

Itis very difficultto assess the ability to perform sexual intercourse. The International 
Index of Erectile Function has been validated for administration in patients with PD (38), 
but this instrumentis not an ideal tool to measure the changes in problems resulting from 
penile deformity. M oreover, in most studies no standardized or validated instrument for 
the assessment of sexual function was used. Hypothetically, it is the relief of pain that 
improves the performance of sexual intercourse. Itis more than questionable thatthe rather 
limited success rates concerning the decrease of penile curvature are really the reason 
for improvements of sexual function. 

It seems remarkable that, in the most recent well-designed studies (13,20,25), no sta- 
tistically significant effect on decrease of penile curvature was evident regarding the 
total populations. The question still remains whether a statistically significant decrease 
of penile pain is really of clinical value for the patient. One study described a significant 
(p <0.001) decrease of mean curvature by 12.8°, from 50.5° to 37.7° (14). Another study 
revealed a statistically significant decrease of curvature only for the subset of patients 
with curvatures between 31 and 60°. In this group, mean curvature decreased by 7.2°, 
from 47.7 to 38.5°. Despite the statistically significant findings, it seems doubtful that 
a decrease of mean curvature of 12.8 or 7.2° is a real benefit for the patient (13). 

Exact data on changes of plaque size were only reported in the most recent two studies 
(13,20). In these studies, no change of mean plaque size was evident, in contrast to other 
studies that reported a decrease of plaque size in a certain percentage of patients. H ow- 
ever, the question is whether a softening or decrease of plaque size as described in some 
studies is of real clinical value for the patient. 

Several studies concluded that a controlled, single-blinded, multicenter study with a 
careful, detailed documentation of the disease symptoms before the intervention and of 
the outcomes is required to investigate the real effectof ESWT.However, deducing from 
the data of the available clinical studies and the exploratory meta-analysis, doubts arise 
whether such adesign could reveal statistically and clinically significant effects of ESWT. 

Summarizing, to date ESWT has not been an evidence-based therapy for PD. If the un- 
controlled studies are analyzed carefully, the efficacy concerning the objective symptoms 
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of penile curvature and plaque size remain more than questionable. It seems that pain 
is relieved faster after ESWT than during the natural course of the disease. However, the 
question remains whether a symptom that usually disappears during the natural course 
is worth treating by an expensive, time-consuming method like ESWT. 

Considering these vague facts concerning the efficacy of ESWT, the official statement 
of the German Urological Society stated that ESWT should not be recommend as first- 
line or standard therapy for PD (39). This statement is also supported by the N ational 
Institute of Clinical E xcellencein the U nited Kingdom. The guidelines recommend that, 
in the scope of the evidence on efficacy, the use of ESWT does not appear adequate 
without special arrangements for consent and for audit or research. The National Insti- 
tute of Clinical Excellence is not undertaking further investigation at present (40). 


CONCLUSIONS 


ESWT seems to bea safe procedure without severe side effects. H owever, the data pub- 
lished so far do not provide evidence to employ ESWT asastandard procedure for thetreat- 
ment of PD. 
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12 The Nesbit and Plication Procedures 


for Peyronie’s Disease 


David J. Ralph, Ms FRCs(Urol) 


SUMMARY 


The Nesbit operation, first used for Peyronie’s disease in 1977, is still the most 
common operation performed to correct a penile curvature. Whereas there have been 
various modifications of the original technique over the years, the basic principle of 
shortening the tunica on the contralateral side to the plaque is applied. The operations 
are simple to perform, and the results are consistently excellent. This chapter describes 
the original technique and offers acomparison both with the modifications and with the 
alternative of grafting. 


Key Words: Curvature; Nesbit; Peyronie’s; plication; surgery. 


INTRODUCTION 


Thefirstsurgical removal of aPeyronie’s plaquewas performed by G eorge M cClellan 
in 1827, and by 1926 success with 32 cases had been reported (1). With the advance in 
surgical techniques, plaque excision only was subsequently replaced by excision with 
dermal grafting to the defect, popularized by Devineand Horton in 1974 (2). Other grafts 
used included vein (3), lyophilized dura (4), rectus aponeurosis (5), tunica vaginalis (6), 
and Dacron (7). Concerns over the high incidence of erectile dysfunction with plaque 
excision were confirmed by Austoni etal. in 1995, when 20% of 418 patients developed 
postoperative erectile dysfunction (8). 

Since then, plaque excision has been replaced by plaque incision and grafting with 
either saphenous vein (9) or autologous materials (10). In 1965, Reed N esbit (11) described 
the correction of erectile deformities caused by congenital abnormalities by shortening 
the opposite side of the penis using plication or the excision of an ellipse of tunica albu- 
ginea. This principle was first applied to Peyronie's disease (PD) in 1977 by Pryor and 
Fitzpatrick (12) using the classical elliptical excision of the tunica opposite the plaque. 
M odifications of the N esbit operation are commonly used (tunical incision with plication, 
plication alone or combinations with elliptical excision), but all with the same principle 
of shortening the contralateral side of the penis (13-16). Penile prostheses are reserved for 
patients who also have an impaired erection or extensive disease (17). 
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Fig. LA complex waisting deformity— a contraindication to the N esbit operation. 


This chapter assesses the operations utilizing the N esbit principle, when and to whom 
it should it be offered, and the expected results and complications. 


INDICATIONS AND ASSESSMENT FOR SURGERY 


Surgery should be performed only when the disease is stable to ensure good long-term 
results. Itis often difficult to decipher the end of the active phase, butin general disease 
duration for 1 yr and stability for a minimum of 3 mo is a good guide (18). 

Patients with dorsal deformities less than 45° may be able to manage without surgery. 
Y ounger patients, or those with ventral or lateral curvatures where penetration would be 
more difficult, tend to have lesser degrees of curvature corrected (18). Itis meddlesome 
to operate just because there is a lump or a minor erectile deformity. Also, some patients 
may have severe emotional distress, usually regarding the deformity and penile short- 
ening, and would benefit from psychosexual counseling preoperatively. 

In general terms, the choice of procedure to correct the deformity rests between a 
N esbit-type operation or a grafting technique, and patients should be offered a choice 
between the two types of procedures (19). In general, a N esbit-type operation is a simple 
technique that gives excellent results but will result in a variable degree of penile short- 
ening directly proportional to the severity of the original deformity but without impair- 
mentof erectilefunction(18).A grafting techniqueisamorecomplex procedure but also 
gives excellent results with less penile shortening although with a higher risk of post- 
Operative erectile dysfunction (ED [20,21]). 

Clearly, those patients with minor deformities or already on treatment for ED would 
be better suited to a N esbit operation. Those patients who have severe or complex wast- 
ing deformities (Fig. 1) but otherwise normal erectile function would be best suited to 
a grafting technique (20,21). It must be remembered that patients with PD are at a risk 
of ED de novo as they commonly have arterial disease elsewhere in their body, and up 
to 67% will have arterial risk factors (22). Then, one would expect erectile function to 
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Table 1 
Suggested Surgical Options in Peyronie’s Disease 

Erection Deformity Suggested operation 
N ormal <60° Nesbit 

>60° Graft 

Complex Graft + plication 
Impaired <60° Nesbit + medication 

>60° Penile prosthesis 

Complex Penile prosthesis 


Fig, 2. Penile skin degloved; artificial erection performed to demonstrate the dorsal curvature. 


deteriorate over time irrespective of surgery, and this must be taken into consideration 
when choosing the type of operation. Patients with extensive disease, ED risk factors, 
and particularly those with a distal flaccidity may be better suited to a penile prosthesis 
insertion to maintain length and function. A summary of the surgical options is shown 
in Table 1. 


SURGICAL TECHNIQUES 


Asforall surgery inPD, thestretched penile length needs to be recorded pre- and post- 
operatively. The classical N esbit operation is performed through a circumglandular inci- 
sion— circumcising the man if necessary to prevent a secondary paraphimosis. The penile 
skinis then degloved, and an artificial erectionisinduced by injecting salinefrom arapid 
transfusion apparatus without the use of a tourniquet as it sometimes makes for an inaccu- 
rate assessment of the bend (Fig. 2). It is also essential to observe the bend at the time of 
full erection; otherwise, the deformity may be underestimated. The site of maximum bend 
is marked with a stay suture. 

Buck's fasciais incised longitudinally and dissected medially to bare the tunica albu- 
ginea (Fig. 3). This technique permits elevation of the corpus spongiosum ventrally or 
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Fig. 3. Buck's fascia is mobilized medially to expose the tunica. 


Fig. 4. Urethra mobilized to allow the excision of a single ellipse. 


the dorsal neurovascular bundle without appreciable damage (Fig. 4). Alternatively, the 
dorsal tunica can be exposed by excising the deep dorsal vein and dissecting Buck’s 
fascia laterally (Fig. 5).This type of mobilization typically allows for a single midline 
ellipse to be excised, and the suture line is covered by the urethra ventrally and therefore 
not palpable by the patient. 

Alternative procedures excising two ellipses on either side of the urethra often result in 
more tissue excision with possible formation of a waist. The Nesbit ellipse is marked out 
opposite the site of maximum deformity, and for every 10° of bend, the ellipse is 1-mm 
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Fig. 5.E xcision of the deep dorsal vein and lateral dissection of theneurovascular bundle gives good 
exposure to allow for a dorsal elliptical excision of the tunica to correct a ventral curvature. 


wide. In aretrospective study, it was found that the mean width of the ellipse was 7 mm, 
and the angle of deformity was 68° (18). W hen in doubt, itis possible to apply two Alliss 
forceps to the tunica albuginea (when the penis is flaccid) and then inflate the penis to 
check the correction (Fig. 6). On removal of the A Iliss forceps, the remaining impression 
of the jaws that is left on the tunica also acts as a guide. 

The ellipse is excised with minimum disturbance to the underlying muscle of the 
corpus cavernosum and the defect closed with 0-PDS sutures with the knots on theinside 
(Fig. 7). Itis important to take good bites of tunica with the sutures to prevent “cutting 
out” and subsequent recurrent deformity. Finally, an artificial erection is induced to 
check that the penis has been straightened, and any minor residual deformity can be 
corrected by additional plication sutures. During closure, it is important to incorporate 
the dissected D artos layer to prevent some penile shortening (Fig. 8). To prevent exces- 
sive penile shortening, a light compression dressing is applied for 2 d, and the penis is 
kept elevated to prevent swelling. The patient is then commenced on a phosphesterase 
type 5 inhibitor to promote nocturnal erections at 1 wk postoperatively for 3 wk or until 
he recommences sexual activity (19). 

The same principles apply for the alternative techniques of corporoplasty and plication 
thatinvolve shortening the longer side of the penis, and the specific details are described 
in the following text. 

In 1984, instead of excising an ellipse of tunica, Lemberger et al. described making 
a longitudinal incision in the tunica that when closed transversely shortened the longer 
side (14). Based on the Heineke-M ikulicz principle, the technique was popularized by 
Y achiain 1990 when he reported a series of 10 cases (13). Itis important that the length 
of the longitudinal incision is not too long; otherwise, a dog-ear phenomenon is created 
when sutured transversely. Therefore, patients with a severe curvature may need more 
than one incision, each sutured to achieve straightening. 
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Fig. 7. |nverting sutures are used to ensure that the knots are buried. 


The techniques of penile plication were introduced in 1985 by Essed and Schroeder 
in five patients using nonabsorbable sutures inserted in a figure-eight fashion to enable 
the suture knots to be buried (15). At the same time, Ebbehoj and M etz also described 
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Fig. & R eattachment of the subcutaneous tissues to prevent some penile shortening. 


Table 2 
Results of the Nesbit Operation for Peyronie’s Disease 
Study group Year Number Satisfaction (%) 
Sulaiman and Gingell (24) 1994 78 79 
Poulsen and Kirkeby (25) 1995 48 91 
Ralph et al. (18) 1995 359 82 
Porst (26) 1997 118 86 
Savoca et al. (27) 2000 157 88 
Syed et al. (28) 2003 42 79 


the technique of using multiple rows of sutures to shorten the longer side for congenital 
curvature (23). M inor variationsin plication techniques have been made since then, most 
recently by Gholami and Lue (16), who marked out 16 points to enable accurate place- 
ment of the sutures. 

The advantages of penile plication are that there is minimal tissue dissection, and 
overcorrection can be rectified easily by removal of the suture. The problem with this 
procedure is that the correction depends on the strength of the suture material and not 
on wound healing. tis important, therefore, that a suture of high tensile strength is used, 
but if nonabsorbable, then the patient may complain of the knots causing pain. 


RESULTS 


Nesbit Operation 


Theresults of the N esbit technique are very satisfactory, andthe largest series areshown 
in Table 2. Satisfaction is usually defined as the ability to have sexual intercourse with- 
out erectile dysfunction or a significant residual curvature. 
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Table 3 
Relationship of Penile Shortening 
to Coital Function Following the Nesbit Operation in 359 Patients 


Coitus 
Shortening (cm) n Normal Possible Impossible 
Less than 1 311 — — 
1 to 2 31 22 8 1 
More than 2 17 11 4 2 
From ref. 18. 
Table 4 


Cause of Failure 
of the Nesbit Procedure for Peyronie’s Disease 


Deformity (greater than 30°) 31 
Surgical error 3 
Suture failure 8 
Progression of disease 20 

Impaired erection 9 

Penile shortening (greater than 2 cm) 19 
Previous Nesbit 3 
Progression of disease 3 
Postoperative infection 3 

From ref. 29. 


One of the reasons for failure is postoperative ED, and this is more likely in patients 
with poor-quality erections preoperatively. This was shown in two studies in which 
satisfaction rates increased from 74 to 90% (18) and 77 to 94% (26) in selected patients 
who had normal erectile function. M any patients with PD have either vascular disease 
or vascular risk factors that are likely to progress with time, and therefore any ED may 
worsen also (22). To achieve good results, it is imperative to have an assessment of 
erectile function prior to surgery and to counsel those who are receiving treatment that 
progression and possible prosthesis implantation may be needed at a later date. 

Penile shortening is inevitable with a N esbit operation but only rarely is it significant 
enough to prevent sexual intercourse (Table 3). Measurement of the penile length at the 
time of surgery may help the patient appreciate that most of the shortening that occurs 
is caused by the fibrosis of their PD and not the surgery. Shortening of the penis by more 
than 2 cm was reported in 4.7% of 359 men in one series (18) and more than 1.5 cm in 
14% of men in another series (27). Severe shortening is morelikely in patients who have 
a very severe curvature or those who havea significant complication of hematoma and 
infection. In an attempt to minimize shortening, patients are often given oral, injection, 
or vacuum therapy immediately postoperatively to encourage erections, although no 
scientific data have proven the benefit of such therapy. 

The causes of failure of the N esbit operation were assessed by Andrews et al. (29) in 
2001 (Table 4). An immediate recurrence of the deformity is usually caused by sutures 
cutting out. Recurrences at 2-3 mo are the result of suture failure, hence the importance 
of taking good bites of tunica with a reliable suture of high tensile strength. R ecurrence 
after 1 yr is usually caused by progression of the disease (29). 
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Table 5 
Results of Penile Plication for Peyronie’s Disease 
Satisfaction Recurrent 
Study group Year Number (%) deformity (%) 
Nooter et al. (33) 1994 33 64 5 
Klevmark et al. (34) 1994 51 82 5 
Klummerling and Schubert (35) 1995 54 89 10 
Thiounn et al. (30) 1998 29 62 20 
Schulteiss et al. (31) 2000 21 67 43 
Chahal et al. (32) 2001 69 52 14 
Gholami and Lue (16) 2002 116 93 15 
Cormio et al. (37) 2002 30 92 — 
Van der Drift et al. (36) 2002 31 58 47 
Van der Horst et al. (38) 2004 28 57 18 
Greenfield et al. (39) 2005 68 98 1.5 


Other possible postoperative complications that may occur include a urethral injury, 
glans numbness, and suture granuloma (18). 


Penile Plication 


The results of penile plication are also generally good although possibly inferior to 
the standard N esbit procedure (30-32). The operation is, however, simpler and is ideal 
for the correction of minor deformities or in combination with a N esbit or grafting oper- 
ation to ensure absolute straightness. M ost reports use the Essed technique, although 
variations are common, and the results are often reported for both congenital and acquired 
deformities. The results of plication for PD alone are shown in Table 5. 

Thereis no standardization of reporting regarding outcome measures (w hatis deemed 
a success, unvalidated questionnaires, assessment of deformity, etc.), so comparisons 
are difficult to make. Overall, however, recurrent deformity appears to be higher with 
plication than with a standard N esbit operation— as high as 57% in one series (32). Itis 
my opinion that this is because the whole operation depends on the strength of the suture 
and noton wound healing. This was also found in the new 16-dot plication technique by 
which multiple small rows of parallel sutures are placed with the penis erect. T he recur- 
rent deformity in this series was 15%, and suture failure would be the expected cause 
(16). Penile shortening is also a concern, with 41-90% of patients complaining (30-38), 
although the degree is likely to be similar to the standard N esbit operation. In recent single 
center series of 102 men undergoing tunica plication, pre- and postoperative penile 
stretched length was measured. The mean length loss was 0.36 cm, with a range of 0-2.5 
cm. Further analysis demonstrated that penile shortening was proportional to the original 
deformity angle and the original length, and more so in patients with a ventral curvature 
(39). Palpable suture knots arecommonin one-third of patients (31), and thisis particularly 
so if nonabsorbable sutures are used. 


M odified Nesbit C orporoplasty 


There are many variations of the classical Nesbit operation that may include excision 
of multiple ellipses without urethral mobilization or additional plication sutures (Table 6). 
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Table 6 
Results of the Modified Nesbit Operation for Peyronie’s Disease 


Number Satisfaction 


Study group Year (%) (%) 

Lemberger et al. (14) 1985 26 73 

Sassine et al. (40) 1994 30 95 

Licht and Lewis (41) 1997 30 83 

Rehman et al. (42) 1997 26 78 

Table 7 
Results of the Nesbit Operation for Congenital Curvature 
Satisfaction Recurrent 
Study group Year Number (%) deformity (%) 
Poulson and Kirkeby (25) 1995 95 91 9 
Porst (26) 1997 110 99 5 
Kelami (43) 1987 100 96 4 
Popken et al. (44) 1999 55 95 9 
Andrews et al. (45) 1999 106 96 4 
Table 8 
Results of Penile Plication for Congenital Curvature 
Satisfaction Recurrent 

Study group Year Number (%) deformity (%) 
Ebbehoj and M etz (46) 1987 140 94 4 
Erpenbach et al. (47) 1991 39 95 5 
K levmark et al. (34) 1994 48 81 5 
Manning et al. (48) 1999 30 77 23 
Schultheis et al. (31) 2000 40 77 23 
Greenfield et al. (39) 2005 34 100 0 


These combinations are standard practice, and each series usually contains modified 
cases. A defined modification described by Lemberger et al. and named the Y achia tech- 
nique uses a unique principle of a longitudinal incision sutured transversely to shorten 
the longer side of the penis (14,15). The results of this operation seem to be favorable, 
but all of the series had small numbers. 


Comparison With Congenital Curvature 


The Nesbit operation for congenital curvature of the penis gives excellent results 
(Table 7). The results are better than for PD, and this can be accounted for by the lack 
of postoperative erectile dysfunction in this group of young healthy men and the fact that 
penile shortening is less prevalent. Shortening has not occurred because of the original dis- 
ease as in PD, and patients with congenital curvatures often have a large penis. With this 
comparison, patients with PD can be reassured that the N esbit operation itself is unlikely 
to affect erectile function and is not responsible for the majority of shortening that occurs. 

The results of penile plication for congenital curvature are shown in Table 8. The satis- 
faction rate is less than the Nesbit operation, and the recurrent deformity rate is higher. 
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This represents the fact that the whole operation depends on the strength of the sutures 
used rather than wound healing as for a Nesbit operation. 


W ith these comparisons, it would seem that, for better patient results and satisfaction, 


the Nesbit operation is superior to plication in the treatment of the curvature caused by 
Peyronie’s disease. 


U APUNE 
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13 Penile Plication 
Using the 16-Dot Technique 


Robert C. Dean, mD and Tom E Lue, MD 


SUMMARY 


Peyronie’s disease, characterized by the formation of a fibrous plaque within the 
tunica albuginea of the corpora cavernosa, has long caused sexual dysfunction. Plication 
surgery has allowed a simple technique to correct the penile curvature caused by Pey- 
ronie’s disease. T he 16-dot plication technique corrects the penile curvature with ahigh 
level of patient satisfaction and yet can be performed under local anesthesia. Slight 
adjustments can be made during the procedure, which allows greater precision toward 
penile strengthening. The 16-dot penile plication procedure has an 85% long-term suc- 
cess rate for achieving a straight erection by patient reporting. Minimal complications 
are reported, with penile shortening (0.5-1.5 cm) reported at 41%. With amean opera- 
tive time of 45 min and the ability to perform the procedure under local anesthesia, the 
16-dot plication procedure is an important tool for the urologist for treatment of Pey- 
ronie’s disease. 


Key Words: Penile curvature; penile straightening; Peyronie's disease; plication; 
Surgery. 


Peyronie’s disease (PD) is characterized by the formation of a fibrous plaque within the 
tunica albuginea of the corpora cavernosa, causing a curvature, narrowing, or shortening 
of the penis. This deformity can beso severe that vaginal intromission becomes very dif- 
ficult or impossible. Several surgical techniques have been described to repair the defor- 
mity. In 1965, Nesbit described the surgical correction of curvature of the penis by one 
or multiple elliptoid resections of the tunica albuginea on the longer side of the penis (1). 
A variation of this procedure, described by Saalfeld et al. (2) and Yachia (3), involves 
making longitudinal incisions on the healthy convex aspect of the penis and closing them 
horizontally using the Heineke-M ikulietz method. 

Corporeal plication was popularized by Essed and Schroeder (4) as well as E bbehoj and 
M etz (5) as a valid treatment for PD . In 1992, Donatucci and Lue (6) described the plica- 
tion of penile curvature simplified through the use of intracavernosal papaverine injec- 
tion. We have since modified our previous technique (6,7) for congenital and acquired 
penile curvature with our 16- or 24-dot, minimal tension technique using multiple parallel 
plications after penile erection is achieved with intracavernosal papaverine (8). 
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Fig. L Dorsal curvature of penis after papaverine injection. 


The 16- or 24-dot, minimal tension plication technique is usually performed under 
local anesthesia with intravenous sedation. A fter the patient is comfortably positioned 
onthe operating table, 2 mL (60 mg) papaverine are injected into the corpus cavernosum 
using a25-gage needle. W hilethesurgeons are scrubbing, the genital area is prepped and 
painted with the antiseptic of choice. A full erection should result. The degree and posi- 
tion of the curvature are assessed. The incision is then planned accordingly. 

For dorsal curvature of the penis (Fig. 1), either a circumcising or a ventral longitudinal 
incision can be used, depending on patient preference. If preservation of uncircumcised 
foreskin is desired, a longitudinal incision should be used. We should bear in mind that 
acircumcising incision often requires more extensive degloving dissection. M ore edema 
and pain can be expected postoperatively after such degloving. If a ventral penile scar 
is acceptable to the patient, the longitudinal incision is better tolerated. B upivicaine at 
a 0.25% concentration is given along the planned longitudinal incision or around the 
base of the penis for a circumcising incision. Buck's fasciais then incised longitudinally 
adjacent to the corpus spongiosum. Extending just lateral to the corpus spongiosum, the 
ventral tunica albuginea is exposed along the length of the curvature. 

The center of the curvature is then marked. The entry and exit points of the sutures are 
marked, measuring approx 0.5-1 cm apart. The points are placed 2-3 mm lateral to the 
corpus spongiosum. Every four dots correspond to one suture; most curvatures require 
two or three sutures on each side of the corpus spongiosum to straighten the deformity 
(total 16 or 24 dots) (Fig. 2). In rare cases with severe angle of deformity or an extremely 
long phallus, four pairs of sutures (32 dots) are used. The 2-0 braided polyester suture 
(e.g., Ticron) is placed through the full thickness of the tunica albuginea. W ith the erection 


Chapter 13 / 16-Dot Technique for Penile Plication 147 


Fig. 2.Planned suture entry sites marked with pen lateral to corpus spongiosum. Erection attained 
throughout operation with papaverine. 


still relatively full, the sutures are tied with a single throw of a square knot, and a rubber- 
shod clamp is placed just above each half-knot. With manual compression of the base 
of the penis, a rigid erection is created, and the straightness of the penis can be properly 
assessed. A ny correction can be made by loosening or tightening the sutures; then, reeval- 
uation is performed. 

Only when there is a satisfactory consensus by the operating team are the Knots per- 
manently secured (Fig. 3). Smooth forceps are used to grasp the suture just beneath thefirst 
throw of the knot, the clamp is released, and four more throws are then placed. B ecause 
the sutures are tied while the penis is erect, there is minimal tension in the flaccid state. 
This prevents tissue strangulation, which may result in tunical damage during sponta- 
neous rigid erection. Increasing the number of pairs of sutures ensures a minimal tension 
repair. Atleast two pairs of sutures (16 dots) should be used in any given repair to ensure 
minimal tension. The wound is closed after detumescence is assured. 

For ventral curvatures, if a dorsal penile scar is acceptable to the patient, then a dorsal 
longitudinal incision is made. Buck’s fascia is then incised longitudinally in the midline 
so the neurovascular bundle is not damaged. A space between the dorsal vein and the 
paired dorsal arteries is developed by careful blunt dissection using afine hemostat. This 
isan extremely safe area for placement of sutures because nearly all of the dorsal nerve 
fibers are lateral to the dorsal arteries. The curvature center is marked, as are the entry 
and exit points. 

For lateral curvatures, either a circumcising or a lateral longitudinal incision is used. 
Because of the presence of a more extensive neurovascular network, dissection under 
optical magnification is paramount. If the nerve bundles cross the path of the sutures, then 
the sutures need to be passed under the nerves to prevent injury and subsequent pain or 
paresthesia. 

For combined curvatures (dorsal lateral or ventral lateral), the same technique as for the 
pure dorsal or ventral curvature can be used except for the placement of the dots. T o cor- 
rect the lateral component as well as the dorsal or ventral curvature, the space between 
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Fig. 3. Straightened penis following placement of suture with tension after placing first throw of 
knot. Clamps hold the tension of suturein place to allow for evaluation of the straightened penis. 


the middle dots (of each four-dot set) on the long side of the lateral curvature is length- 
ened. This produces more shortening on the long side and therefore results in correction 
of these combined curvatures. 

If an erection is still present at the completion of the case, then 10-20 mL of blood 
is aspirated from the corpora cavernosa with a 21-gage scalp vein needle. Every 3-5 min, 
500 ug diluted phenylephrine are injected until the penis is flaccid. Careful monitoring 
of heart rate and blood pressure is important at this time. Theinjection site is then closed 
with a 5-0 polyglyconate suture ligature. A ntibiotic solution is used to irrigate the wound 
thoroughly before the D artos fascia is reapproximated over the Ticron sutures. The skin 
is closed with several vertical mattress sutures of 5-0 Dexon™ (Tyco Healthcare) inter- 
spersed with simple interrupted sutures. The incision is covered with X eroform® (Sher- 
wood) gauze, and finally aCoban™ (3M ) dressing applied snugly around the penis. M ost 
important, ice is applied for at least 12 h postoperatively. This ensures minimal edema. 
The dressing is checked within an hour postoperatively to ensure it is not too tight, and 
the patient is discharged home within 2 h. 


RESULTS 


A review of 132 patients who underwent the dot plication technique at U niversity of 
California at San Francisco from 1995 to 2000 revealed the following statistics: The 
overwhelming presenting preoperative complaint (Table 1) was difficulty with inter- 
course or partner discomfort (81%). This was followed by penile pain (11%) and poor 
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Table 1 


Presenting Complaints 


Difficulty with intercourse or partner discomfort 81% 


Penile pain 11% 
Poor self-image 8% 
Table 2 
Postoperative Complaints 
Shortening of penis (0.5-1.5 cm) 41% 
Bother from suture 12% 
Pain with erection 11% 
Narrowing of penis 9% 
Decreased penile sensation 6% 
Hematoma 4% 
Pain when flaccid 1% 
Table 3 
Recurrence Rate 

Long term 
6 mo (mean 2.6 yr) 
Straight erections 93% 85% 
Slight curvature 7% 12% 
Severe curvature 3% 


self-image (8%). The most common postoperative complaint was shortening of the penis 
(41%). Loss of penile length ranged from 0.5 to 1.5 cm. Other complaints included bother 
from suturein 12%, pain with erection in 11%, narrowing of the penis in 9%, decreased 
penile sensation in 6%, hematoma formation in 4%, and pain when flaccid in 1% (Table 
2). The preoperative angle of penile curvature ranged from 30 to 120°, with the average 
64°. More than one direction of penile curvature was noted in 34% of patients. 

Preoperative erectilefunction was good in 63% , moderate (requiring sildenafil) in 25%, 
and poor (requiring injection with or without a vacuum constriction device) in 12%. Erec- 
tile function was self-reported and confirmed by duplex color ultrasound after intra- 
cavernous injection and self-stimul ation preoperatively. At6 mo, 93% reported straight 
erections, 7% reported a slight curvature, and 3% complained of worse erectile function. 
Long-term follow-up (7 mo to 6 yr) showed 85% with straight erections and 15% with 
recurrence of curvature, which was severe only in 3% (Table 3). All 12 patients who had 
undergone failed N esbit procedures were satisfied with the plication procedure and had 
straight erections postoperatively. Of all the patients with congenital curvature (16 patients), 
one man with aleftlateral curvature had it recur after 1 yr. Four patients underwent secon- 
dary procedures: penile-lengthening procedure for recurrence of curvature with venous 
grafting in one patient, penile prosthesis surgery for erectiledysfunction (ED) notrespon- 
sive to medical therapy in two, and penile-lengthening procedure with cadaveric peri- 
cardium as well as prosthesis surgery for medically refractory ED in one patient. 

M ean operative time was 45 min. L ocal anesthesia only was used in 85% of the cases. 
Local anesthesia and intravenous sedation with midazolam and fentany! was used in the 
remainder. One patient fainted during office injection, and the procedure was performed 
using laryngeal mask anesthesia. 
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SUMMARY 


PD may betreated with a lengthening or shortening procedure. In the appropriate patient 
population, a lengthening approach is obviously desired. However, given that most pa- 
tients present with comorbidities, including arteriogenic ED, lengthy anesthesia is less 
appropriate. Despite the fact that this is a type of shortening procedure, only 41% of 
patients noted or complained of postoperative shortening. 

Several important points about this technique set it aside from prior methods and ensure 
ahigh success rate. Theskin incisionis chosen to minimize the need for degloving when- 
ever possible. By incising Buck's fascia, the neurovascular bundles can be visualized, and 
an intervascular space devoid of nerves can be created. This minimizes the risk of open- 
ing healthy tunica albuginea and damaging the underlying erectile tissuein a population 
of patients with less-than-rigid erection. Failure of the N esbit procedure (1) does not pre- 
cludeplication surgery. Someof the patients evaluated long term (mean 2.6 yr) may have 
had de novo erectile dysfunction or worsening penile curvature caused by the disease pro- 
cess not related to the plication surgery. In this technique, neither the urethra nor the neuro- 
vascular bundles is mobilized, decreasing the chances of injury as compared to the tech- 
nique of Essed and Schroeder (4). An erection is maintained throughout the procedure, 
allowing real-time evaluation and adjustment of the repair and preventing over- or under- 
correction. Paired multiple nonabsorbable multifilament sutures are used to distribute the 
total force required to straighten the curvature. T his allows the sutures to betied with mini- 
mal tension. This is the most crucial aspect of this plication technique. Minimal tension 
precludes the problems of suture breakage or cut-through reported in other series (9-13). 

This plication technique can be used to correct all types and degrees of penile curvature 
successfully except indentation or hourglass deformities. It has yielded satisfactory results 
with minimal morbidity. The great majority of patients with congenital curvature or 
acquired PD will have high success rates with this technique. 
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14 Penile Straightening With Tunica 


Albuginea Plication Procedure 
TAP Procedure 


Laurence A. Levine, MD, FACS 


SUMMARY 


Penile straightening for Peyronie’s disease may be accomplished through a variety 
of approaches. F or the man with satisfactory rigidity for coitus but deformity that inter- 
feres with intromission, there are two main approaches: tunica plication and grafting tech- 
niques. A ccording to previously published surgical algorithms, tunica plication appears 
to be the optimum technique for the man with curvature less than 60° without narrowing 
resulting in a hinge effect. This chapter describes the tunica albuginea plication proce- 
dure with which | have had excellent results with respect to correcting the deformity, 
preservation of sexual function, and predictable penile shortening depending on the 
direction and degree of curvature. 


Key Words: Peyronie's disease; penile reconstruction; penile straightening; tunica 
plication. 


INTRODUCTION 


Surgery remains the gold standard of treatment for Peyronie’s disease (PD) andis the 
most reliable way to correct the deformity associated with this disorder. T he indications 
for surgical reconstruction include a stable, painless deformity with compromised ability 
orinability to engagein coitus as aresult of deformity or diminished rigidity. In addition, 
men who have extensive plaque calcification are best considered for surgical correction 
as these patients tend to fail all medical therapy. Last, any man who desires the most rapid 
and reliable result should be offered surgery. 

Because all patients with PD do not present alike, no single operation is likely to treat 
all patients successfully. Several factors should be evaluated that will assist the surgeon in 
determining the appropriate surgical approach. These include the nature of the deformity 
in terms of curvature, hinge effect, and hourglass deformity as well as erectile capacity. 
Erectile dysfunction (ED) is commonly associated with PD , and the man who has dimin- 
ished preoperative rigidity needs to be counseled carefully about the surgical approach. 
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M en with significant preoperative ED who might be corrected surgically may still have 
significant ED postoperatively and therefore should be counseled to proceed to penile 
prosthesis. On the other hand, men who have satisfactory erections with or without phar- 
macotherapy may be offered surgical straightening without penile prosthesis. 

Several surgical algorithms for PD have been presented; the first published algorithm 
in 1997 suggested that when rigidity was adequate regardless of the deformity a tunica 
albuginea plication (TA P) procedure was the preferred approach when the curvature was 
without significant hourglass or hinge effect or less than or equal to 60°. For the more com- 
plex, multidimensional curves of greater than 60° with or without a destabilizing hourglass 
or hinge effect, then plaque incision or partial excision with grafting was recommended (1). 

All patients should undergo a detailed preoperative discussion as the goals for surgi- 
cal reconstruction are to enhance or preserve preoperative rigidity, to straighten the penis, 
and to reestablish a shaft with normal caliber. We know that notall men who have under- 
gone these procedures have been satisfied with the outcome; therefore, a detailed pre- 
operative discussion of outcome expectations and informed consent should be obtained 
with every patient. The surgeon should discuss the possible side effects of surgery, includ- 
ing potential reduction of rigidity; diminished penile sensation; delayed ejaculation, 
which may take up to 6 mo to resolve; or shortening of the penis (regardless of the surgi- 
cal approach). There is also a potential risk of persistent or recurrent curvature, which is 
unusual if disease has been stable for atleast 6 mo. | counsel my patients to understand that 
sexual activity may not resume immediately after surgery and may take 2-6 mo to recover 
fully. Those patients who are not willing to accept these possible compromises should 
consider evaluation by a sex therapist prior to surgery. 

Prior to beginning any reconstruction, penile stretched length should be measured. This 
is performed by measuring the dorsal shaft length from the pubis (by pushing down on 
the pubic fat pad) to the corona. This length uses two fixed points; measurement should 
be repeated pre-, intra-, and postoperatively (2). 

Forthepatientwho is acandidatefor tunica plication, avariety of corporal plication pro- 
cedures have been reported since the original description by Nesbitin 1965 (3). This pro- 
cedure was used initially for boys with congenital chordee. A more detailed review of 
tunica plication options is found in Chapter 12. 

This chapter focuses on a modification of the TA P procedure first reported by Duckett 
and Baskin in 1994 to correct congenital chordee with or without hypospadius (4). This 
procedure offers the benefit of other plication approaches as itis relatively simple to per- 
form, corrects mild-to-moderate curvature (<60°) in any direction with a very low rate 
of compromise to postoperative erectile capacity. A II plication procedures are designed 
to be less invasive than the incision/partial excision and grafting operations, which are 
reserved for the more complex severe deformities in men without preoperative ED. Plica- 
tion procedures are designed to be simple and relatively minimally invasive but have 
been noted to result in penile shortening; therefore, they are best used only for mild-to- 
moderate curvature (<60°) and for those without significant narrowing deformity. 


SURGICAL APPROACH 


An artificial erection is first created in the operating room with the aid of an injection 
of papaverine (60 mg) or alprostadil (20 ug) and infusion of saline using an infusion pump 
(Fig. 1).A circumcising incision is made approx 1.5 to 2 cm proximal to the corona. Tom 
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Fig. LPenile deformity defined intraoperatively with aid of vasoactiveintracorporeal injection and 
saline infusion via butterfly needle through glans. 


Lue has recommended a vertical ventral or dorsal skin incision for the man who refuses 
circumcision (see Chapter 13). The penis is degloved exposing B uck’s fascia to the base 
of the penis. H emostasis throughout the procedure is best accomplished with bipolar elec- 
trocautery. Loupe magnification is advised but not essential. 


For Ventral Curvature 


The surgical approach for ventral curvature is performed by elevating and resecting 
a segment of the deep dorsal vein dorsally contralateral to the area of maximum curva- 
ture. Circumflex and perforating veins are ligated and divided between 4-0 silk ties. 
Careful elevation of the neurovascular bundle lateral to the bed of the deep dorsal vein 
will expose the dorsal aspect of the tunica albuginea. At this point, a pair of transverse 
incisions approx 1.0-1.5 cm in length and separated by 0.7-1.5 cm is made directly over 
the septum (Fig. 2). The incision is carried down sharply with the scalpel through the 
longitudinal tunical fibers but notthrough the circular fibers. This will allow the erection 
to remain and reduce injury to the underlying cavernosal tissue. If the dorsal tunica 
between the two incisions is thick, as is frequently the case, this can be shaved down to 
reduce the bulk of the plicated tunica albuginea (5). 

T hetunicais then plicated using 2-0 braided polyester suture (T evdek, Teleflex M ed- 
ical, Fall River, MA) in a vertical mattress fashion to bury the knot (Fig. 3). Typically, 
two or three of these Tevdek sutures are placed. The plication is then reinforced with 
several 3-0 PDS™ sutures (Ethicon, Somerville, NJ) placed in aL embert fashion. Follow- 
ing each plication, penile straightness is checked by re-creating the erection by infusing 
saline (Fig. 4). Two or three plications usually are necessary to obtain full straightening. 
In our experience, straightening may take 1-6 plications. If one tries to plicate a much 
larger space between the two parallel incisions, this may result in “dog-ear” deformity, 
enhanced indentation, or general tunica irregularity. Therefore, it is recommended to 
keep the plications relatively short in transverse length and have no more than 0.7-1.5 
cm between the two parallel transverse incisions. 
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Fig. 2. Paired transverse parallel incisions through dorsal longitudinal fibers of tunica albuginea. 


For Dorsal Curvature 


W hen the curvature is dorsal, the plication incisions are made on the thicker ridge of 
tunica, adjacent to the urethra bilaterally (Fig. 5). Therefore, the mobilization of Buck’s 
fascia should be made lateral to the urethral ridge and allow partial bilateral elevation 
of the urethra medially to expose the lateral aspect of the suburethral tunica (Figs. 6-8). 
The tunica ventrally is typically much thinner and therefore shaving is not indicated. 

If the curvature has a substantial dorsal-lateral component, it may be that the plication 
ononesideof the urethra will need to be broader than on the other to correct the lateral com- 
ponent. It may also be necessary to make the length of the transverse incisions longer on 
the contralateral side of the lateral curvature again to correct the lateral deformity. 

One advantage of this approach is that, if overcorrection occurs, the sutures can sim- 
ply be removed and repositioned to optimize the outcome without injuring or exposing 
the underlying cavernosal vascular tissue. 

Once there is adequate straightening, B uck’s fascia may be reapproximated with run- 
ning 4-0 chromic suture, A ny residual erection caused by the injected vasoactive agent 
should be reversed by either direct needle drainage or injection of dilute phenylephrine 
HCI solution (Baxter, Irvine, CA) at 100 ug/cc. 
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Fig. 3. Plication with 2-0 T evdek suture with inverted knot. 


The penile shaft skin is then reapproximated with horizontal mattress 4-0 chromic 
sutures on a cutting needle. The dressing for the TAP procedure is accomplished with 
application of aX eroform® (Tyco Health Care, M ansfield, M A ) dressing placed over the 
incision and covered by a dry sterile dressing. Finally aCoban™ dressing (3M, St. Paul, 
MN) islightly wrapped from the glans to the base of the penis; the dressing is left on for 
3d. Although thereis concern about applying a pressure dressing to the penis, the Coban 
should only be placed loosely to reduce postoperative swelling and bleeding. As long as 
this dressing is gently applied and then molded to the surface of the penis so it does not 
interfere with urination, it can be left in place for 3 d, which we have performed in well 
over 400 cases with no adverse events (Fig. 9). 

AtRush University M edical Center, Chicago, we reviewed our experience with 154 
consecutive TA Ps performed on men with PD (6). The highlights of our review focused 
on factors that contribute to loss of length following the TAP procedure. Although it is 
intuitive that the degree of curvature and the direction of curvature will have a bearing 
on the perceived and real length loss, this was demonstrated conclusively in this report. 

Basically, given that the measurement of length in our institution is madeon the dorsal 
aspect of the penis and represents the aspect of the penis, whichis mostreadily appreciated 
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Fig. 4. Straightened penis. 


by the patient during direct examination or indirectly in the mirror, our analysis demon- 
strated that patients with a dorsal curvature had the smallest mean percentage loss (0.5%) 
vs those with a ventral component, for whom a mean loss of length of up to 5% was 
measured. There also was a direct correlation between the degree of curvature and length 
lost; patients who had curvature less than 45° had amean length loss of 1%, whereas those 
with over 60° curvature had a 4% mean length loss. 

This study supported the empirical suggestion in the previously noted surgical algo- 
rithm that plication procedures should bereserved for curvatures of less than 60° to mini- 
mize length loss, particularly in men with PD (1). This study also demonstrated that the 
majority of patients who complained of loss of length postoperatively had also complained 
of loss of length preoperatively. This was also true for diminished erectile function and 
penilesexual sensitivity. In our experience with the TA P procedure, adequate straighten- 
ing (defined as <20° residual curve) was accomplished in 99% of men. There was one man 
who had a 70° ventral curve and postoperatively had a 30° dorsal curve, which bothered 
the patient, but he declined surgical correction. 

The TAP procedure appears to satisfy the goals of penile straightening for men with 
mild-to-moderate deformity with minimal risk of surgically induced ED and remains our 
procedure of choice except in those men with severe deformity or an unstable penis due 
to advanced indentation or hourglass deformity causing a hinge effect. 


Chapter 14 / Tunica Albuginea Plication 157 


Fig. 6.B uck’sfasciais elevated medially to exposeurethral ridge. Paired TA P incisions made over 
thickened tunica on ridge. 
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Fig. 7.1 he paired TAP incisions and plication are made bilaterally adjacent to urethra. Suture is 
placed to bury the knots. 


© 


Fig. 8. Straightened erection, with three sets of paired plications employed in this case. 
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Fig. 9.C oban dressing in place, lightly applied from distal to proximal allowing exposureof glans. 
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15 Incisional Corporoplasty 
for the Correction of Peyronie’s Disease 
Caused Penile Curvature 


Daniel Yachia, MD 


SUMMARY 


Shortening the convex part of the corpora cavernosa for the treatment of penile cur- 
vatures was recommended more than 150 yr ago. Almost a century later, the surgical 
technique for straightening congenital penile curvatures by removing ellipsoid wedges 
from the convex side of the tunica albuginea, known as the Nesbit corporoplasty, was 
described. The modified corporoplasty described in this chapter was developed for 
achieving a straight and smooth penile shaft after the repair. This technique also is based 
on the principle of shortening the convex part of the corpora cavernosa, but without 
removing segments from the tunica albuginea and without dissection of the neurovas- 
cular bundle and its mobilization. In this technique, the longitudinal incisions done to 
the tunica albuginea of the corpora cavernosa are closed horizontally for shortening the 
convex part. Then, the bulges at the ends of the closure lines are buried with inverting 
sutures to smooth the penile shaft. This easily learned and performed technique can be 
used in most patients with Peyronie’s disease who have a reasonable penile length for 
achieving excellent cosmetic and functional results. 


Key Words: |ncisional corporoplasty; Peyronie's disease; Y achia’s corporoplasty. 


INTRODUCTION 


Peyronie's disease (PD) is alocalized, sometimes disabling, condition mainly affecting 
the tunica albuginea of the corpora cavernosa. T hisis acondition of unknown etiology that 
results in fibrotic changes of the tunica albuginea, causing thickening and a loss of elastic- 
ity in this connective tissue. The deformity it may cause to the erect penis is sometimes so 
severe that penetration may become very difficult and even impossible. Likethecongen- 
ital curvatures of the penis, the acquired curvatures are surgically curable deformations. 
Theaim of surgery is to make penetration comfortable by straightening the penis. Surgery 
is considered only in patients with stabilized disease and in whom the curvature affects 
their sexual performance. From all patients with PD, only about 10% may need surgical 


From: Current Clinical Urology: 
Peyronie's Disease: A Guide to Clinical Management 
Edited by: L. A. Levine © Humana Press Inc., Totowa, NJ 


161 


162 Yachia 


correction (1). This may be required when coital function becomes impaired or impossi- 
ble. If a patient can penetrate without difficulty and both partners enjoy the sexual act, then 
there is no need to straighten the penis. 

Surgical correction of the deformity should be considered in patients who did not 
respond to conservative treatments and who already have astabilized disease. Itis advis- 
able to perform a surgical correction after an observation period of about 1 yr from the 
onset of the symptoms or after the stabilization of the curvature (followed up by 3 monthly 
autophotographies) and not before a 6-mo period after the disappearance of the painful 
erections. 

Surgical procedures for correcting curvatures caused by PD are divided into three major 
groups: 


1. Plaque surgery: excision of plaque and patching or incision through the plaque. 

2. Corporoplasty: excisional, incisional, or plication procedures to the healthy part of the 
tunica albuginea. 

3. Penile prosthesis implant. 


Any of the corporoplasty techniques that straighten congenital penile curvatures can 
be used for straightening acquired penile curvatures. C orporoplasty was first used in PD 
patients by Pryor and Fitzpatrick in 1977 and published in 1979 (2). They recommended 
this technique to patients with large plaques or diffuse fibrosis; with severe deformity, 
making penetration difficult or impossible; with established disease (at least 1 yr from 
the onset of the curvature). Pryor reported 77% satisfactory results with this technique 
(3). Sincethen, similar results have also been reported by other authors using the original 
technique orits modifications (4-9). The correction can be done using either the original 
technique as described by Nesbit (10) or by one of its modifications (11,12). 

Animportant point before performing acorporoplasty in these patients is to know the 
erectile ability status of the patient. The ideal patient for this surgery is the one having 
arigid erection, with aminimum of 10-cm erect penile length from penile base to tip (the 
concave side length), but having severe penetration difficulties. A corporoplasty can be 
performed also in those patients who havean erectile dysfunction butrespond to phospho- 
diesterase type 5 inhibitors or vasoactive injections and accept receiving such treatment 
after surgery. 


NESBIT’S CORPOROPLASTY 


Shortening the convex part of the corpora cavernosa for the treatment of ventral penile 
curvatures was recommended by Pancoastin 1844 (13). M orethan acentury later, the sur- 
gical technique for straightening congenital penile curvatures by removing ellipsoid 
wedges from the convex side of the tunica albuginea, known as Nesbit corporoplasty, was 
described by Nesbit in 1965 (10). A ccording to Nesbit, the first congenital penile devia- 
tion was treated by Y oung in 1932, butit was Nesbit himself who first described this entity 
in 1954 (14). 

Nesbit, with his publication in 1965, popularized the technique: In N esbit's technique, 
after penile skin degloving for exposing the tunica albuginea, four to six symmetrically 
placed elliptical segments are outlined on the convex surface of the corpora, and these 
segments are excised. In those years, N esbit recommended to close the defect with no. 2 
silk (10). In the same article, he also described his earlier experience using aplication tech- 
nique to shorten the convex side of the penis to straighten the curvature by performing 
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six vertical rows of plicating sutures using heavy silk. Despite the early satisfactory result, 
he noted that after 6 mo the patient reported complete recurrence of the erectile deformity, 
which had gradually developed. At operation, he found the plicating sutures pulled out 
of their attachments at the site of the repair. 


CORPOROPLICATION 


A nonexcisional method for shortening the convex side of the corpora was described 
by Ebbehgj and M etz in 1985. In this technique, 2-0 Prolene™ (Ethicon) sutures are 
placed using a double-crossover stitch, grasping deep into the tunica in four positions. 
Each of these sutures has four grasping points approximating the tunica to the center of 
the plication. The authors noted that application of one to four plications resulted in a 
straight erection in most cases. They also advised the patient that he would be able to pal- 
pate the small suture nodules under the penile skin (15). 


KELAMI’S CORPOROPLASTY MODIFICATION 


K elami described a refined modification of the N esbit procedure by using A Ilis clamps 
to take as many “pinches” as necessary from the convex side until the penis straightens. 
According to this technique, the pinches of the tunica albuginea are excised in a diamond 
shape. Then, the diamond-shape defects are closed horizontally with a continuous U - 
shaped suture using 3-0 delayed absorption synthetic absorbable monofilament sutures. 
T hese sutures hold the edges of the diamond-shape corporeal windows closed until they 
disappear within 6-9 mo (11). 


INCISIONAL CORPOROPLASTY 


Alternative surgical techniques to excisional corporoplasty were proposed by Saalfield 
et al. (16) and Lemberger et al. (12). Both modifications were based on the H eineke- 
M ikulicz principle. Saalfeld’s group tried to lengthen the shorter, concave side of the cor- 
pora cavernosa by making several transverse incisions that were closed longitudinally. 
This repair caused narrowing of the penile shaft at the repair site. Lemberger’s group made 
longitudinal incisions at the convex part of the corpora and closed them horizontally. 
This repair caused several bulges at the repair site. 

Thecorporoplasty described in this chapter is arefined modification of the incisional 
corporoplasty techniques. This modification was developed for achieving a straight and 
smooth penile shaft after the repair. Initially, | used this technique for straightening con- 
genital penile curvatures in adults, then in congenital nonhypospadic and hypospadic 
pediatric penile curvatures and for straightening penile curvatures caused by PD (17). 

B ecause of the relative potential risk of erectile dysfunction seen after plaque excision 
and patching for straightening the penis of patients with PD , | adapted the incisional cor- 
poroplasty technique for straightening also penile curvatures related to PD as well as 
other acquired penile curvatures of traumatic or iatrogenic origin. 

The modification was developed to refine and simplify the existing corporoplasty tech- 
niques for obtaining asmooth penile shaft after repair, and to prevent accidental injuries 
to the corpus spongiosum or the neurovascular bundle. B ecause of the near vicinity of the 
neurovascular bundle or corpus spongiosum to the site where segments of the tunica are 
removed (in the excisional techniques), these structures are prone to injury. This is the 
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reason why, during an excisional corporoplasty, before ellipsoidal or diamond-shaped 
wedges are removed from the tunica, the neurovascular structures should be mobilized. 

Like all other corporoplasty techniques, this technique also is based on the principle 
of shortening the convex part of the corpora cavernosa. However, it differs from them 
because in this technique no tunica albuginea segments are removed and no neurovascu- 
lar bundle or corpus spongiosum dissection and mobilization are performed. 

All surgical manipulations done to the cavernous tissues produce some scar tissue at 
the site. The already impaired blood flow in older men can deteriorate further because 
of surgical manipulations, which cause development of local fibrosis in the cavernous 
tissues during the removal of the tunica albuginea segments. In the incisional corporo- 
plasty technique described in this chapter, holding the scalpel blade in a certain way when 
making the longitudinal incision prevents cavernous tissue injury (17,18). 

This technique allows the surgeon to perform longitudinal incisions parallel to the neu- 
rovascular elements without mobilizing the bundle or corpus spongiosum. Even if the 
longitudinal incisions have to be done at the dorsal aspect of the penile shaft, they run 
parallel or between the neurovascular elements, abolishing the need to mobilize them. 


PRESURGICAL EVALUATION 


W hen evaluating a patient with PD for surgery, | recommend performing the follow- 
ing imaging procedures: 

Autophotography.B ecause the curvature can barely be seen when the penisis flaccid, 
initial assessment of the deformation should be done by photographing the erect penis. 
Photographs taken from the sides, from above, and from the front, with a fully erect penis, 
document the deformation (Fig. 1). This allows documentation of the degree of deforma- 
tion in a private setting. In case the patient cannot reach an erection, the procedure can 
be done in the office by using a vacuum erection device (19) or by intracorporal injec- 
tion. Autophotography by showing the functional shape of the deformed erect penis 
allows the surgeon to choose the optimal technique for the surgical repair. Documenting 
the preoperative shape of the penis is important not only for allowing comparison of the 
Surgical outcome but also for its medicolegal value. 

Sonography of the penile shaft allows us to see the extent of the plaque. 

Plain x-ray of the penis shows the presence of calcifications in the plaque. 


STEPS FOR PERFORMING INCISIONAL CORPOROPLASTY 
Step L Skin Incision and Penile Degloving 

If the patient is circumcised, then a circumferential skin incision is done 5-10 mm 
below the corona. If not, then the patientis circumcised. N ot performing a circumcision 
often results in severe postoperative preputial edema and sometimes in preputial necro- 
sis or paraphimosis. 

Penileskin degloving is done with sharp and blunt dissection until the whitish Buck’s 
fascia is reached and is continued toward the penile base. C are should betaken notto injure 
the dorsal neurovascular bundle and the corpus spongiosum during this dissection. 


Step 2. Artifidal Erection 
A tourniquetis applied at the base of the penis using the quarter-inch penrose drain held 
in place with a large hemostatic clamp. A large-gage butterfly needle is inserted directly 
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Fig. LA utophotography of the erect penis for documenting the deformity. 


into one of the corpora or through the glans. Then, saline is injected to fill the corpora to 
create an artificial erection (Fig. 2).Itisimportant to reach a maximal erection to demon- 
strate the entire deformation. The use of atourniquet and saline injection for the artificial 
erection allows an almost-bloodless surgical field during the entire repair procedure. 
Although the artificial erection can be created by injecting vasoactive agents, | prefer not 
to do so because of the increased bloody surgical field after the corporotomy incisions. 


Step 3. Artificial Straightening (Preview of Straightening) 

Using Allis clamps with sharp teeth, pinches up to 1 cm are taken from the most con- 
vex side of the curvature (Fig. 3). To ease the pinching and prevent slippage of the clamps, 
it is advised to clean all the loose tissue over the B uck’s fascia and reduce the tension of 
the erection by stopping the saline infusion for 1-2 min. A dditional A Ilis clamps are applied 


until the curvature is completely straightened (Fig. 4). The number of pinches to be taken 
depends on the severity of the curvature. 


Step 4. Albugineal I ndsions 
TheAllisclamps areremoved oneat atime. The marks left by their teeth arethe places 
and the length of each incision to be made (Fig. 5). 


Holding the no. 11 scalpel blade horizontally, with its cutting edge upward, the blade 
isinserted into the tunica between the marks left by the clamp to perform thelongitudinal 
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Fig.3.A rtificial straightening by pinching theconvex part of thetunicaalbugineausingA llisclamps. 


incision (Fig. 6). This maneuver allows incising the tunica only without damaging the 
cavernosal tissues (Fig. 7). 


Step 5. Closure of Albugineal I ncisions 


Theincision edges are held from their middle using small hooks to pull the edges hori- 
zontally. This maneuver turns the longitudinal incision to a transverse one (Fig. 8). The 
incisions are closed in a watertight manner using 3-0 delayed absorption suture material 
such as PDS™ (Ethicon) or M axon™ (Davis & Geek) in acontinuous-lock suture. | do 
not advise the use of either nonabsorbable material, which will remain permanently under 
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Fig. 4.R epair preview. Completeartificial straightening with several A Ilisclamps applied to the ven- 
trolateral aspect of the penis to straighten the dorsal curvature. 


the penile skin, or relatively rapid absorption suture material such as V icryl™ (Ethicon), 
Dexon™ (Davis & Geck), or M onocryl™ (Ethicon) because these sutures lose their ten- 
sion before the healing process is complete and can cause a recurrence of the curvature. 

After closure of the incisions dog-ears form at the end of the suture line (Fig. 9). The 
dog-ears and the knots are buried by inverting sutures using the same suture material 
(Fig. 10). This maneuver smoothes the surface of the penile shaft (Fig. 11). 


Step 6. Repeated Artificial Erection 


After removing the tourniquet, the artificial erection is repeated to check the result of 
the correction (Fig. 12). In case of residual curvature, this is corrected by adding more 
incisions, repeating steps 4 and 5. 

During the entire procedure, the surgical field is frequently irrigated with gentamicin 
solution. 

Before reapproximating the shaft skin, hemostasis is obtained, especially to the inner 
surface of the skin, to prevent development of postoperative subcutaneous hematoma. The 
Skin is sutured with fine, monofilament, absorbable suture material. 
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Fig. 5.M arks left on the tunica albuginea by theA llis clamps indicate the place and the length of 
the incisions. 


Fig. 6.M aking theincision with the cutting edgeof the no. 11scalpel blade directed upward to pre- 
vent injury of the cavernous tissues. 


To reduce the early postoperative pain, a penile block is performed by injecting 5 mL 
0.5% bupivacaine to each side of the suspensory ligament. 


POSTOPERATIVE CARE 


Atthe end of the procedure, a slightly compressing elastic bandage is applied around 
the penis. An alternative to this elastic dressing is a silicone foam cast around the penis. 
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Fig. 7.| ntact cavernosal tissue after performing the longitudinal tunical incision. 


The dressing is kept for 48 hr to prevent edema or hematoma formation and to reduce 
the spontaneous postoperative erections, which are painful. U sually, there is no need to 
put a new dressing around the skin incision line. 

In elderly patients with a history of obstructive voiding symptoms, a small-caliber 
indwelling catheter can be left at the end of the procedure for a few days. The catheter 
is inserted before the dressing is applied. If an indwelling catheter is not inserted, post- 
Operative antibiotic prophylaxis is not mandatory. 

If the procedure is done on an outpatient basis, then the patient can be discharged home 
12 hr after surgery. If hospitalized, then he can be discharged the day after surgery. 

Usually, when the penis is flaccid there is almost no pain after surgery. The patient 
should be informed that pain will appear during nocturnal spontaneous erections, but 
because of the pain, the duration of the erections are typically shorter than usual. Oral anal- 
gesics such as ibuprofen, dypirone, or paracetamol can be used for reducing the pain 
level during nocturnal or spontaneous erections. 

The patient is advised to have no sexual activity for 45 d following surgery. A tthe end 
of this period, heis advised to return with new photographs of the erect penis taken a day 
beforethevisitfor documenting and comparing the postoperative result with the preoper- 
ative deformation. 


COMPLICATIONS, THEIR PREVENTION, AND THEIR TREATMENT 


Therisk of complications after the incisional corporoplasty is very low. The immediate 
complications can be hematoma formation and infection. A very important factor for 
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Fig. 8. Horizontalization of the longitudinal incision with a pair of small hooks applied to the 
middle of the incision edges, pulling them aside. 
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Fig. 10.| nverting sutures to bury the dog-ears and the knots. 


Fig. 1L Smooth penile shaft surface after burying the dog-ears and the knots. 


hematoma formation is cavernosal blood leaking from the corporotomy incisions. It is 
important to make the closure of the incisions watertight and to check the incision after 
completion of the closure by a repeated artificial erection. It is also important to close 
with a small, absorbable, figure-eight suture the entrance hole of the large-caliber but- 
terfly needle used for the artificial erection (if it was inserted directly into the corpus 
cavernosum and not through the glans). 
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Fig. 12. R epeat intraoperative artificial erection to check the watertightness of the sutures and the 
straightening. 


Another reason for postoperative hematoma formation is incomplete hemostasis of 
the penile shaft and the inner surface of the penile skin. M eticulous hemostasis is a must. 
If a postoperative hematoma develops because of large leaks from the corporotomy inci- 
sion, the leak should be treated surgically. L arge hematomas should be drained with anti- 
biotic coverage. Smaller hematomas can be treated conservatively by applying a mildly 
compressive elastic bandage for a few days. 

Wound infection is very rare. Performing repeated antibiotic solution irrigations dur- 
ing surgery reduces the risk of wound infection to avery low level. A dvising the patients 
to use an antiseptic soap for washing the genitalia the night before and the morning of 
surgery as well as during thefirst week after surgery is recommended. Infection of theinci- 
sion can result in skin wound dehiscence that may not need intervention if itis in asmall 
area but may require excision and resuturing if a large area of the suture line opens. 

Loss of penile skin or glans sensation has been infrequently reported. Itis mainly caused 
by the circumferential skin incision. Thesensation gradually returns within afew weeks. 
If during penile skin degloving damage is caused to the dorsal nerves, then the return of 
the sensation, especially the glans sensation, can take months. If the nerve damage is sub- 
stantial, then the return of sensation can be patchy, with several areas of the glans remain- 
ing without sensation. 
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Late complications are very rare. The most important one is the recurrence of the 
curvature, developing within a few weeks after the repair. This is mainly caused when 
inadequate suture material is used. Use of suture material such as Dexon or Vicryl is not 
recommended because it becomes weak within a couple of weeks and cannot hold the 
incision edges closed during the healing period. | also do not recommend the use of non- 
absorbable suture material because they remain permanently under the skin and are felt 
by the patient or his partner. T he use of delayed absorption material such as 3-0 PDS or 
M axon is strongly advised. These sutures are strong enough and keep their tension long 
enough, until complete healing of the tunica albuginea occurs. Recurrence of the cur- 
vature can be caused by premature resumption of sexual activity. Rigid and prolonged 
erections before wound healing (during the 2-4 wk after surgery) can cause the suture 
material to cut through the tunica albuginea and may disrupt of the repair. Thisis rarely 
seen in patients with PD who have less-rigid erections than their younger counterparts 
undergoing acorporoplasty for congenital penile curvature. L ate recurrence (over 6 mo) 
of the curvature is not considered a failure of the repair but indicates anew episode of the 
disease. 


CONCLUSIONS 


Thesimpletechnique and low complication rate of theincisional corporoplasty makes 
it our preferred technique to repair the penile curvature in patients with PD who havea 
reasonable penile length. This technique has been used on more than 300 patients with 
excellent cosmetic and functional results. 
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16 Peyronie's Disease 


Surgical Straightening With Tunica Plication 
and Tunica Transfer 
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and Dimitrios G. Hatzichristou, MD, PhD 


SUMMARY 


The objective of surgical treatment for Peyronie's disease is to restore a painless, 
straight, and natural erection that is sufficient for intercourse. Plication procedures are 
associated with penile shortening, especially in cases of excessive curvature or rotation. 
Grafting procedures may prevent penile shortening, but they are often associated with 
poor postoperative anatomical and functional results caused by graft shrinkage and 
postoperative graft-associated corporeal veno-occlusivedysfunction. Surgical straight- 
ening of penile curvature with tunica plication and tunica albuginea free grafts is a 
simple and highly efficacious treatment modality with excellent functional results. It 
is associated with minimal postoperative shortening and eliminates major immediate 
and late complications, including recurrent curvature. It preserves erectile capacity in 
men with preoperative normal erectile function. Initial long-term patient satisfaction 
data, with lasting cosmetic and functional results, indicate that the proposed technique 
may be used as the indicated procedure for successful surgical treatment of excessive 
congenital or acquired penile curvature malformation. 


Key Words: Grafts; penile induration; penis; Peyronie’s disease; tunica albuginea. 


INTRODUCTION 


Peyronie's disease (PD) remains a pathophysiological and therapeutic dilemma because 


the cause and natural history of the disease are largely unknown (1-3). M edical treat- 


ments are largely unsatisfactory in stabilized disease. The presence of calcified plaques 


and stable disease for at least 6 mo are well-accepted criteria for considering reconstruc- 
tive surgery (4). The objective of surgical treatmentis to restore a painless, straight, and 
natural erection that is sufficient for intercourse (5). Preoperative erectile dysfunction 
(ED) minimizes success because erectile inadequacy persists postoperatively (6,7). T hus, 


the indication for surgical correction of angulation is limited to troublesome curvature 


but otherwise normal rigidity as the reason for sexual dysfunction (8). 


From: Current Clinical Urology: 
Peyronie’s Disease: A Guide to Clinical Management 
Edited by: L. A. Levine © Humana Press Inc., Totowa, NJ 


175 


176 Hatzimouratidis and Hatzichristou 


ì1i1 


Fig. L Schematic drawing of the surgical procedure. A tthe point of maximal convexity, an elliptical 
segment of thetunica albugineais excised and used as free graft. A tthe point of greatest concavity 
(siteoppositetheformer incision), asymmetrical relaxing incisionismadein the tunica albuginea, 
and the free graft is placed in the defect created. 


The Nesbit procedure, which was initially applied for correcting congenital penile devi- 
ation, is considered the gold standard based on excellent results in terms of penile straight- 
ening andlong-term durability. However, itis associated with penileshortening, especially 
in cases of excessive curvature or rotation (9). Plication procedures are associated with 
the same drawbacks (10). On the other hand, grafting procedures have been proposed in 
cases with significant penile curvature where N esbit or plication procedures are expected 
to cause significant penile shortening or if shortening is unacceptable to patients. 

T hese procedures can prevent penileshortening, but they are often associated with poor 
postoperative anatomical and functional results caused by graft shrinkage and postoper- 
ative graft-associated corporeal veno-occlusive dysfunction (11,12). Several autologous 
tissue or even synthetic materials have been proposed, but only vein grafts— in conjunc- 
tion with postoperative application of different graft shrinkage prevention techniques— 
gained certain acceptance (13,14). In principle, tunica albuginea is considered the most 
appropriate grafting material because no other graft can share its unique properties. The 
Surgical procedure, the results, and complications of tunica albuginea grafting are dis- 
cussed in this chapter. 


OPERATIVE TECHNIQUE 


Indications 


The patient indications for penile straightening with tunica plication and tunica trans- 
fer include significant penile deviation (usually greater than 45°) caused by congenital cur- 
vature or secondary to PD that has been stable for more than 6 mo after diagnosis. It is 
actually a combination of the typical N esbit procedure with tunica albuginea free grafting 
(Fig. 1). 


Anesthesia Requirements 


The operation can be performed under general, regional, or local anesthesia (penile 
block). So, virtually every patient can bea candidate for this operation despite age or exist- 
ing comorbidities as the operation can be managed as a day case. 
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Fig. 2.E xcision of theelliptical segment of the tunica albuginea at the point of greatest concavity. 


Description of the Operative Technique 


A circumcising incision is made and shaft dissection is done according to the typical 
degloving technique. The tunica albuginea is then exposed by incising Buck’s fascia. 

A 21-gage butterfly needle is then inserted into the glans penis, and artificial erection 
is induced by normal saline infusion after a tourniquet is applied to the base of the penis 
to minimize venous outflow. The aim of the artificial erection is to demonstrate the extent 
of the deformity and, using the knife, to identify the appropriate place and size of the 
elliptical segment necessary to be removed. 

The elliptical segment of the tunica albuginea is then excised just opposite the point 
of maximal curvature (Fig. 2). In cases of dorsal or dorsolateral curvature, the elliptical 
segment must be excised from the ventral aspect of the penis, and mobilization of the 
corpus spongiosum is necessary. In cases with ventral or ventral-lateral curvature, the 
elliptical segment must be excised from the dorsal aspect of the penis after careful mobil- 
ization of the dorsal neurovascular bundle. Care is undertaken to avoid damage to the 
underlying tissue of the corpora cavernosa as much as possible. 

After excision, the tunica albuginea segment is preserved in normal saline. The edges 
of the defects are approximated with interrupted or running 4-0 polydioxanone (PDS I1 ™ ) 
sutures. 

Atthe point of greatest concavity (site opposite the former incision), asymmetrical relax- 
ing incision is made in the tunica albuginea, and two stay sutures of 4-0 polydioxanone 
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Fig. 3.T he free graft is placed in the defect created at the point of greatest concavity. 


(PDS I|™, Ethicon, Somerville, NJ) are placed at the two ends of the incision, keeping 
their needles. The length of the relaxing incision is determined by the length of the 
elliptical tunica albuginea graft. The graftis placed in the defect, and its ends are sutured 
at the ends of the incisions using the two above-mentioned sutures (Fig. 3). The sutures 
run along the whole edge from each side, locking every other stitch to make the suture 
line watertight. 

Artificial erection follows to assess the restoration of penile straightening and possi- 
ble leakage (Fig. 4). When leakage is present, supplementary interrupted sutures of the 
same material can be placed. Further elliptical excisions and grafting should be done as 
needed to correct the deformity; for a curve up to 60°, one graft is usually sufficient; in 
cases of 90-120°, two grafts are necessary in most cases. 

Before closing the Buck's fascia, confirmation of straightening is necessary by again 
producing artificial erection and removing the tourniquet from the base of the penis; 
despite the increased venous outflow, artificial erection is easy to achieve by increasing 
the infusion rate, especially in patients with normal corporeal veno-occlusive mecha- 
nism. Such erection not only demonstrates the final result of the operation, but also 
unmasks possible deviation at the base of the penis, which typically is “covered” by the 
tourniquet placement. A fterward, the penile skin is reapproximated at the coronal sulcus 
using 3-0 polyglactin(Vicryl Rapid™ , Ethicon) sutures. A self-adhesive penile dressing 
with moderate compression using Coban™ (3M, St. Paul, Minnesota) dressing follows 
in the usual manner. 

The patient is discharged either the same night of or the day after surgery. In the case 
of same-day discharge, the patient is instructed to visit the outpatient clinic the next day 
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Fig. 4.A rtificial erection is used to assess therestoration of penilestraightening and possibleleakage. 


to remove the dressing and control for hematomas, mainly caused by nocturnal erections. 
Typically, afollow-up appointment at 1 mo postoperatively is scheduled, with instructions 
to avoid sexual activity during this period. In cases of hematoma formation, the dressing 
is replaced for a couple of days. 


F ollow-U p 


Patients are followed at 1- and 6-mo intervals postoperatively. At the first follow-up 
visit, an intracavernosal injection of 10 ug alprostadil is given to identify the functional 
and aesthetic result of the operation. This step is important for both medical and legal 
purposes. Photographs of the penis in the erect state, taken by the patient or his partner, 
are a good alternative, avoiding the time-consuming process of pharmacological erection. 
At 6-mo follow-up visit, triplex ultrasonography of the corpora cavernosa before and 
after intracavernosal injection of 10 ug alprostadil is used to determine the absorption 
of the polydioxanone (PDS I!) sutures as well as possible further progression of the pri- 
mary pathological condition. At that time, questions regarding the postoperative sexual 
experience of the patient are mandatory. 


CLINICAL TRIALS USING TUNICA ALBUGINEA GRAFTING 
The first description of tunica albuginea grafting was by Goldstein and Blumberg 
(15). The authors excised elliptical segments of the tunica albuginea that had been grafted 
to the contralateral corpus cavernosum as in the described technique. The indications 


180 Hatzimouratidis and Hatzichristou 


included severe penile angulations in which penileshortening could be significant. T hey 
reported straightening of the penis with minimal shortening in three men. 

Hatzichristou et al. treated 17 potent patients (4 with congenital penile curvature and 
13 with stable PD ) between 19 and 62 yr old (mean age plus or minus standard deviation 
46.1 + 14.5 yr) with the described surgical technique (16). M ean age of those with con- 
genital deviation was 21.75 + 2.2 yr (range 19-24 yr); patients with acquired penile defor- 
mities were considerably older (mean age 53.6 + 4.7 yr, range 46-62 yr). The minimal 
disease duration before surgical treatment in the latter group was 1 yr (mean 25.8 + 13.7 
mo). During the operation, straightening was achieved in all patients, and the short-term 
results were considered excellent in all cases. Postoperatively, penile shortening was 
noticed by 8 patients (47%), of whom 2 (11.7%) considered it significant. Only 1 man 
considered decreased penile length emotionally bothersome. Erectile ability was pre- 
served in all patients, and all reported functional erection within the initial 3 mo of 
follow-up. Immediate postoperative complications were minimal, including temporary 
penile edema in most patients and hematoma atthe grafting sitein only 1 patient. H ema- 
toma was limited, and follow-up ultrasound 1 mo later showed normal findings. 

During long-term follow-up (18-62 mo, mean + SD 39.5 + 13.7 mo), only 1 patient 
(5.9%) with the preoperative diagnosis of PD reported a minor relapse of about 10° of 
penile deviation, which had no functional effect on erectile capacity or the mechanical 
aspect of sexual intercourse. Curvature recurrence was attributed to progression of the 
underlying pathological condition, as determined by ultrasound 18 mo postoperatively. 
All patients reported that they were satisfied or very satisfied (on a 5-point satisfaction 
scale with 1 as very dissatisfied, 5 as very satisfied) with the postoperative straightening 
of the penis, the resumption of sexual intercourse, and the sustained preoperative level of 
erectile function. Furthermore, all patients would recommend the operation to others or 
undergo it again if necessary. 

Teloken etal. also used tunica albuginea free grafts, but the surgical technique was dif- 
ferent (17). The authors incised the plaque (horizontal, H-shaped, or cruciform incision 
was utilized) or removed it completely if it was relatively small. The graft was obtained 
from the crura through perineal access with the patient in the lithotomy position. Seven 
patients with stabilized PD for at least 2 mo were treated. In six cases, straightening was 
satisfactory. In one patient, the correction was not complete, but he could achieve vaginal 
penetration, and no further treatment was warranted. Concomitant technical plication was 
not necessary in any case, and none of the patients reported worse penile rigidity post- 
operatively. However, the follow-up was short (mean follow-up 6 mo, range 3-12 mo). 

Schwarzer etal. (18) modified the technique described by T eloken etal. and published 
their preliminary results, also with a short follow-up, ranging from 1 to 17 mo. The plaque 
was incised, but the graft was obtained from the proximal corpus cavernosum (crura) 
through a separate horizontal infrapubic incision. Thus, there was no need for a second 
operative field, and the operative time was shorter. The authors treated 18 patients (48- 
69 yr old) with tunica albuginea free grafts. All patients had stabilized PD for atleast 4 mo, 
and the curvature was between 40 and 90°. In 11 patients, two grafts were used; in the 
remaining 7 patients, only one graft was used. In 5 patients, a plication was also performed 
to correct minor residual curvature after grafting (deviation in these patients was over 
70°). Complete correction of the curvature was seen in 12 patients, and mild residual cur- 
vature (<20°) was seen in 4 patients (2 patients lost in follow-up). Complications included 
mild penile hematoma in 2 patients. Two patients reported ED postoperatively caused by 
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venous leak after penile irradiation in 1 patient and possible psychogenic causes in the 
other. Fourteen patients were very satisfied and would decide on the operation again; 2 
patients were unsatisfied because of penile shortening. 


IS TUNICA ALBUGINEA THE IDEAL GRAFT? 


Grafting procedures have the advantage of straightening the penis, causing minimal 
or no shortening. M uch debate exists in the literature about the ideal graft (19). N umer- 
ous types of patch grafts, including vein (20,21), Dacron (12,22), full-thickness dermis 
(23), temporalis fascia (24), tunica vaginalis (25), cadaveric dura mater (26), cadaveric 
pericardial graft (27), muscular aponeurosis (28), and small intestinal submucosa (29) 
have been used as substitutes for the tunica albugineain men who maintain their potency 
preoperatively. Although the ideal substitute has yet to be identified, characteristics would 
include easy procurement, low cost, and minimal inflammatory reaction with good tis- 
sue acceptance. 

Dermal grafts were initially used, but delayed graft contraction with recurrent chordee, 
cysts, and swelling caused by retained hair follicles and sebaceous cysts under the graft 
have been late complications (1,5,30). M ost of the grafts are associated with inflamma- 
tory responses and fibrosis that could be detrimental to optimal healing in the setting of 
a Peyronie’s plaque (31). 

The onset of ED after surgery is the major problem associated with patch grafts. Post- 
operative potency rates range from 12 to 100% (11). The pathophysiology is currently 
attributed to the appearance of venous leakage at the site of the plaque and graft. With the 
exception of subjective preoperative erection grade, no single parameter predicted the 
occurrence of postoperative E D as described by Levine etal. (32). The authors also sug- 
gested that the postoperative administration of sildenafil (sildenafil rehabilitation) may 
diminish ED. Vein grafts gained acceptance because of excellent potency-sparing results 
and long-term durability (21). The success of the vein patch may bea result of limited dis- 
section and the allowance for endothelial-to-endothelial surface healing to occur. They 
are associated with greater affinity to erectile tissue; endothelium-derived substances, 
such as nitric oxide, may havea possible beneficial effect on decreasing therisk of hema- 
toma below the graft or fibrosis-associated corporeal veno-occlusive dysfunction. 

Because tissue elasticity and compliance are essential for normal function of the cor- 
poreal veno-occlusive mechanism, using a natural autologous graft, such as the excised 
tunica albuginea with its unique structure and function, seems more appropriate for pre- 
serving normal veno-occlusive function and therefore potency (33). M oreover, compli- 
cations associated with grafting procedures, mainly graft scarring, are limited because 
no site-specific curvature relapse or erectile function deterioration was noted (16). A 
wide rangeof recurrencerates has been recorded after the surgical correction of congeni- 
tal or acquired penile curvature with a Nesbit or plication procedure. Except for the 
obvious argument of progression of the primary disease in patients with acquired defor- 
mities, in whom the risk of recurrence is higher, relapse even in those with congenital 
deviation may indicate possible weak points of the surgical technique (34). Tunica albu- 
gineais the “original” tissue with less tendency to shrink, cause inflammatory response, 
and bulge than other grafts. 

The described technique is simple, short, and has alow learning curve. It shares essen- 
tially the same principles with the N esbit technique and plication procedures with which 
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most urologists are familiar. Furthermore, there is no need for a second incision to obtain 
the graft from the crura. T hese procedures require more operative time and access to the 
crura may be troublesome. A Iso, it may be difficult to obtain larger grafts. A possible 
disadvantage of the technique is the prolonged operative time, compared with the N esbit 
procedure, although the time difference is hardly significant. 


CONCLUSIONS 


Surgical straightening of penile curvature with tunica plication and tunica albuginea 
free grafts is a simple and highly efficacious treatment modality with excellent functional 
results. It is associated with minimal postoperative shortening and eliminates major 
immediate and late complications, including recurrent curvature. It preserves erectile 
Capacity in men with preoperative normal erectile function. Initial long-term patient satis- 
faction data, with lasting cosmetic and functional results, indicate that the proposed tech- 
nique may beused as the indicated procedure for successful surgical treatment of excessive 
congenital or acquired penilecurvature malformation. L arger patient series and compara- 
tive multicenter trials using a validated protocol are required in order to establish the “gold 
standard” technique for cases with significant curvature and normal erectile function. 
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17 A Review of Plaque Incision 
With Focus on Temporalis Fascia Grafts 


Martin Gelbard, mp 


SUMMARY 


This chapter reviews the history of plaque incision, the physical bases for expansion 
of cylindrical tissue, the numerical relationship between tunica extensibility and angu- 
lar penile deformity, the effects of diameter loss on corporeal function, the design and 
placement of relaxing incisions, and operative technique based on 15 yr of experience 
with more than 130 cases. Special attention is given to the deployment and testing of 
relaxing incision and the use of autologous temporalis fascia as afree graft. Overall, with- 
out consideration of angle orientation or narrowing, results showed 75% of patients 
were corrected, 20% improved, and 7% were rendered dependent on medication for 
erectile rigidity. 

KeyWords: A xial deformation; cylindrical column strength; extensibility; graft dart- 
ing; hourglass; indentation; plaque incision; stacked hoop model of corpora; temporalis 
fascia; tissue expansion; tunica preservation; wall tension. 


CONNECTIVE TISSUE 
EXPANSION IN GENITAL RECONSTRUCTION 


W hen weperformed our first plaqueincision and temporalis fascia graftin 1989, most 
urologists using grafts in the treatment of Peyronie's disease (PD) were doing so in con- 
junction with plaque excision (1). A brief perusal of the table of contents for this book 
reveals a change in the pattern of practice with respect to this point: most reconstructive 
Surgeons are now incising plaques rather than removing them. W hy? 

Earlier surgeons identified the loss of normal connective tissue mechanics in the scarred 
tunicaalbuginea of PD and attempted to increase focally the expansion of diseased regions 
of the corpora cavernosa by excising restrictive scarring. In 1950, Lowsley and Boyce 
described their 15-yr experience with plaque excision followed by free fat grafts (2). 
Dissatisfied with the results of this technique, H orton and D evine went to the laboratory 
seeking a better, stronger graft material, combining the methods of urological surgery 
with those of plastic surgery to modernize the approach. Concluding that Peyronie’s 
plaques were scars lacking elasticity, they pioneered the use of full-thickness dermal grafts 
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(3). Their concept was that complete removal of plaque and replacement with an elastic, 
readily available material (dermis) could restore the shape of the erect corpora. 

Contemporary thinking has largely adopted D evine and H orton’ s hypothesis: plaque 
formation in PD represents locally inappropriate or abnormal wound healing, which 
results in areas of dense scar within the tunica albuginea. These contracted scars resist 
normal load-induced tissue elongation, creating regions with a deficit of functioning 
tunica albuginea. We sought to remedy this deficit by augmentation, rather than replace- 
ment, of the tunica. 

Tissue expansion is atechnique that has been in use for more than 40 yr for the correc- 
tion of coverage deficits. It is primarily a method for the creation of additional skin by 
the use of implanted expanders. In urology, this technique has been adapted for vagino- 
plasty, urethral and penile reconstruction, scrotoplasty, epispadius/exstrophy, and trauma- 
tic skin loss (4). Although relaxing incisions for the correction of PD were first described 
in conjunction with implantation of penile prostheses (5), the dense contractures of PD 
are not amenable to staged expansion by inflatable, temporarily implanted expanders 
withoutirreversibly damaging the interior of the corpora cavernosa. B ut, diseased tunica 
albuginea can in fact be expanded, with preservation of corporeal function, by surgical 
section and inlay of autologous grafts. 

Though clinical outcomes clearly support plaque incision, research into the funda- 
mental pathobiology of this disorder raises new questions that bear on theissue. M ulhall 
et al. have shown that Peyronie’s plaque-derived fibroblasts exhibit tumorigenicity when 
implanted into mice with severe combined immunodeficiency (6). By showing that 
plaque-derived fibroblasts are biologically transformed compared to those derived from 
normal tunica or neonatal foreskin, this study posed an interesting question. Beyond the 
usual reconstructive goals, considerations about tissue geometry, and tunica albuginea 
veno-oclusive function, should other factors be taken into account when weighing plaque 
excision against incision? M ulhall et al.’s interesting look at the cellular biology of PD 
indicates that Peyronie’s plaqueis the source of fibroblasts with a pathological tendency 
to proliferate, although their study did not examine the behavior of fibroblasts harvested 
from unaffected regions of the tunica in men with this disorder. If the “normal” tunica 
in patients with PD does not harbor transformed fibroblasts, perhaps plaque removal 
would be beneficial. 

Of course, this hypothetical conclusion has to be viewed against a body of clinical evi- 
dence that in my opinion still supports plaque incision over excision. Plaque (and the dis- 
ease process itself) tends to stabilize over time as dense scar (7), suggesting that, in vivo, 
fibroblast proliferation does not continue indefinitely. And, most important, the plaque 
in patients with long-term, stable PD behaves like mature scar— it can be expanded suc- 
cessfully by incision and graftinlay. That the contractures of this disorder do not usually 
recur postoperatively appears to be the strongest argument in favor of incision over 
excision, particularly because preservation of tunica seems to produce less postoperative 
veno-occlusive erectile dysfunction than its resection. 


EXPANDING A CYLINDER: RELAXING INCISIONS, PEYRONIE’S 
DISEASE, AND THE IMPLICATIONS OF CORPOREAL GEOMETRY 


M odeling the human corpora cavernosa as paired inflatable cylindrical pressure vessels 
is a bit of an oversimplification as the corpora appear uniquely specialized to function 
as they do. Although intraluminal pressures of 5-7 psi are required to produce rigidity 
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in prosthesis cylinders, the corpora attain this state at only 1.5 psi (8). Still, plaque inci- 
sion and grafting involves restoration of cylindrical integrity and column strength, and 
surgeons undertaking these tasks need to be aware of the mechanical implications of 
their interventions. 

First, | provideafew definitions to identify the goals soughtin surgical reconstruction 
more precisely. Some authors have cited restoration of tunica elasticity as the objective 
in graft surgery for PD . N ormal tunica albuginea does contain elastic fibers, and these have 
been observed to fragmentin patients with PD. T hey are arrayed primarily in hoop orien- 
tation (9), giving the tunica elastic behavior that is anisotropic. In other words, tunica 
elongates in all directions but “snaps back” forcefully only transversely— elasticity is 
the tendency of the material in question to generate an opposing restoring force that is 
proportional to its deformation. But, in surgical reconstruction, elasticity is not sought 
as much as tissue elongation or extensibility. Extensibility, an uncomplicated and clini- 
cally useful term, has been used to characterize overall connective tissue function of the 
penis (10). Itis simply the ratio of stretched to rest length and is based on the assumption 
that, within the range of forces occurring naturally, straightening of undulated collagen 
bundles establishes an upper limit to extension. Asa result, the measurement is indepen- 
dent of the forces involved. M odification of tunica extensibility is at the heart of plaque 
incision and grafting. If diseased tunica can be induced to extend further under existing 
mechanical forces, angulation and diameter loss can be corrected— whether or not the 
graft material exhibits springlike elastic behavior. 


Relationship Between Loss of Tunica F unction and Angular Bending 


Extensibility is a useful construct for exploring the behavior of tunica albuginea. Over- 
all penile extensibility (penile length at maximal longitudinal traction divided by flaccid 
penile length) decreases significantly with age and reflects the mechanical behavior of 
tunica albuginea exclusive of skin and cavernous tissue. In one study, mean flaccid length 
of 13 cm was increased 4 cm on stretch, yielding an extensibility of about 1.35 (10). 
Using astacked-hoop model of the corpora, wehave calculated that with an extensibility 
of 1.5, nearly 8 cm of dorsal plaque would be required to create a bend of 60° (11). With 
all other factors constant, decreasing extensibility lessens bend, so this calculation actu- 
ally underestimates how much plaque it would take to produce a 60° bend in someone with 
normal or reduced extensibility. The message here for plaque incision is that substantial 
angular deformity (as seen in surgical candidates) reflects the loss of tunica elongation 
over large segments (Fig. 1). With the exception of a young patient with high extensibil- 
ity whose substantial bend may be the result of amore limited plaque, a single transverse 
relaxing incision is inadequate to correct angulation greater than 30°. 


Diameter Loss: E ffects and Correction 


M any patients with PD exhibit hoop-oriented contractures in addition to the longitu- 
dinal scarring that produces angulation. A s biomechanical analysis clarifies the placement 
of transverse relaxing incisions in the correction of curvature, it also calls attention to the 
effects of diameter restriction. Although severe indentation or hourglass deformity is only 
occasionally apatient’s presenting complaint, some degree of girth restriction is present 
inmost surgical candidates. B ecause resistanceto axial deformation is related to corporeal 
cross-sectional area (11), the management of narrowing is the key to restoration of column 
rigidity in patients with PD. 
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Fig. L Surgical candidates have lost tunica extensibility over large regions. 
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Fig. 2. Factors contributing to buckling. 


Buckling of the erect curved penis during attempted intromission is acommon func- 
tional disturbance in patients (7). In mechanical terms, this problem, secondary to both 
longitudinal curvature and diameter loss, results from inward collapse of the concave seg- 
ment of corpora during axial loading (Fig. 2). Curvature changes the axial compressive 
stress of intromission into transverse stress on the column of the pressurized corpora, 
which appears as tensile stress in the convex wall and compressive stress in the concave 
wall. Diameter loss defeats the ability of the concave wall to resist compression. T rans- 
verse loads in a pressurized cylindrical shell are ultimately borne by wall tension, mak- 
ing low-tension segments prone to structural failure. 

The palpable hardness of a rigid erection can be thought of as if every point along the 
surface of the inflated tunica was responding to a force directed outward, perpendicular 
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Internal 


fluid pressure 


to each element of surface. This is actually anetforce, the vector sum of the outward forces 
of interior sinusoidal fluid pressure and the inward forces generated by tunica albuginea 
wall tension. Transverse tangential wall tension can be resolved into an inward component 
that opposes the outward force of the pressurized interior. It is the net outward force, or 
the vector sum of these two opposing forces, that resists inward collapse associated with 
buckling (Fig. 3). In such a pressurized cylindrical shell, net outward force is highest in 
regions with the greatest radius of curvature; as the inward-directed component of wall 
tension decreases, the radius of curvature increases (Fig. 4). In other words, narrowed 
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Fig. 3. N et forces in tunica rigidity. 
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Fig. 4 Effect of diameter on net outward (antibuckling) force. 


segments tend to fail because they exhibit reduced resistance to infolding. 
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Fig. 6 D arting of relaxing incisions. 


The physical principles here are similar to those underlying a standard undergraduate 
physics test problem: W hat happens if two balloons of unequal size are connected by a 
tube? Contrary to intuition, they will not equalize, but instead the small balloon will 
collapse, and the large one will expand. Similarly, there is a tendency for narrow regions 
to collapse when freely communicating corporeal segments of differing diameters co- 
exist (Fig. 5). 

Proper placement of relaxing incisions can overcomediameter loss, butfirstitis instruc- 
tive to look at the effect on diameter of the standard transverse relaxing incisions used 
to correct angulation. Transverse incisions of longitudinal plaque straighten the penis by 
gaping open in the direction of tunica deficit— along the long axis. As this relaxing 
incision opens, its perimeter remains relatively fixed owing to its location in a scarred 
region of tunica. The length generated because of distraction longitudinally is gained at 
the expense of its lateral corners, which are pulled inward, reducing width. This narrow- 
ing effect of transverseincisions can beovercome by darting the corners. Our experience 
is that darting a single transverse incision, usually the central one of three, is adequate 
to overcome the narrowing that results from multiple relaxing incisions in the patient 
with predominantly angular deformity (12) (Fig. 6). 

In the patient with problematic diameter loss, some type of transverse expansion tar- 
geting specific areas of hourglass deformity is required. Girth can be locally expanded 
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Fig. 7.H graft. 


by interposing a longitudinal relaxing incision between transverse incisions in an H 
pattern. U sually, in the case of narrowing accompanying aregion of angular deformity, 
the longitudinal incision is positioned inthe midline (Fig. 7). In that case, the central por- 
tionis grafted first, prior to measuring and grafting the transverse incisions. A nother tech- 
niqueis applicableto the correction of hourglass superimposed on an angulated segment. 
After two transverse relaxing incisions are cut for the correction of angulation, the inter- 
vening strip of tunica bounded by theseincisionsis divided obliquely. Thetwo flaps thus 
formed are advanced laterally in opposite directions to widen the penis. Once these flaps 
have been sutured together in their new configuration, the resulting transverse defects are 
measured and grafted (Fig. 8). 

Lateral indentation unassociated with angular deformity can be managed with a longi- 
tudinal relaxing incision deployed laterally through the indented area. It must be well 
darted, however, to prevent transverse expansion from pulling the proximal and distal 
extremities of the relaxing incision together, reducing length along the lateral meridian 
of the penis and creating lateral angulation. 


Testing the Adequacy of Relaxing I ncisions 


Ultimately, the best test of graft inlay is the configuration of the resulting erection. For 
this reason, we have been liberal in our use of the saline insufflation artificial erection. 
Initially, we proceeded cautiously, making one relaxing incision ata time, grafting it with 
a watertight closure, then inducing saline erection. A fter 50 or 60 cases, certain patterns 
began to appear, which havesincestreamlined our approach. Currently, in a patient with 
more than 45° of dorsal curvature and no significant hourglass deformity, wespacethree 
transverse relaxing incisions across the area of maximal concavity, divide the temporalis 
fascia accordingly, and then graft all three areas before insufflating. 
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Fig. 8. L ateral advancement flaps. 


However, because we generally will use all temporalis fascia harvested, it is useful 
to get some indication of the effect the relaxing incisions will have on the contracture 
before committing ourselves to a particular partitioning of the graft material. A fter mark- 
ing and incising plaque, we assess whether the tension induced in the diseased tunica by 
stretch is relieved by these incisions. This is fairly straightforward with respect to long- 
itudinal expansion in the correction of angular deformity: stretching the penis should 
cause the incisions to gape open evenly, and under these conditions there should be no ten- 
sion transferred to the lateral corners of the incisions. If with stretch the tunicais palpably 
tense at the lateral extremities of the incisions, then the incisions need to be extended 
(Fig. 9). Testing the adequacy of longitudinal or compound relaxing incisions deployed 
for the expansion of diameter is slightly more difficult. Using holding sutures in the 
tunica to retract the neurovascular bundle away from the area of interest, elevation of the 
entire penile shaft over a finger placed behind the narrowed region will spread the tunica 
laterally and show if these relaxing incisions are sufficiently widening the area (Fig. 10). 


OPERATIVE TECHNIQUE 
Materials 


Between 1987 and 2006, a total of 131 plaque incision and temporalis fascia graft pro- 
cedures have been performed on 128 patients; 3 patients underwent a second procedure 
to correct persistent deformity. Patients ranged in age from 41 to 70 yr with deformities 
distributed as 78% dorsal bends, 10% dorsolateral bends, 7% true lateral bends, 4% 
ventral bends, and 1% indented without angulation. Of the patients with angulation, 30% 
were K elami class |1 (30-60°), and 70% were class |11 (>60°). There wereno patients with 
angulation less than 30°. 

Temporalis fascia was harvested by a head-and-neck or plastic surgeon, usually via 
aretroauricular incision. Theaveragespecimen measured approx 4.5 <> 5 cm, with atotal 
surface area of approx 18 cm? (13) (Fig. 11). We have previously described the virtues of 
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Fig. 9. Transfer of tension to edge of incomplete relaxing incision. 


Fig. 10. Evaluating H -graft incision. 


this material as flexible yetstrong and having a lower metabolic requirementthan highly 
vascularized dermis, a reduced tendency to contract as a free graft, and sufficient size 
to provide for the multiple grafts our technique employs. 
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Fig. 1L T emporalis fascia on Teflon block. 


M ethods 


EXPOSURE 


In all cases except those with ventral curvature, a circumcising incision with proximal 
degloving seems to provide the best exposure. Attempting to preserve the prepuce in 
uncircumcised men frequently results in persistent distal edema, and therefore we usu- 
ally recommend circumcision in these patients. In the case of ventral curvature, a ventral 
penoscrotal incision in the raphe works well. 

To approach dorsal or dorsolateral plaque, B uck’s fasciais opened longitudinally along 
thelateral meridians at 3 and 9 o'clock. Thetransverse-oriented circumflex veins that cross 
these incisions are elevated from the underlying tunica and divided with fine absorbable 
ties. Lifting the medially coursing side of these veins provides entry to the plane between 
the dorsal neurovascular bundle and the tunica albuginea, which is meticulously devel- 
oped with sharp dissection using J oseph scissors. W hen one portion of the bundle has been 
elevated, a silastic vessel loop is passed to assist in mobilizing the remaining portion, 
whichis handled with 4 <> 4s and fingers only. To further limit the need for retractors or 
instruments on the bundle, 3-0 nylon holding sutures placed in the tunica are used to faci- 
litate exposure during graft anastomosis (Fig. 12). In most cases of dorsal angulation, 
neurovascular bundle elevation is limited to expose just enough plaque at the concavity 
of the bend to permit placement of three transverse relaxing incisions spaced about 1 cm 
apart. Distal mobilization of the bundle is terminated at a point 1 cm proximal to the 
corona to avoid sensory loss in the glans. To expose ventral scarring in the paraurethral 
ridges, Buck’s fascia is divided at 6 o’clock over the urethra and mobilized laterally. 


INCISION 


Prior to marking exposed plaque for incision, saline is insufflated until the artificial 
erection clearly shows the nature and location of curvature. When this has been done, 
alongitudinal line marking the intersection of the plane of curvature with the penile shaft 
is marked. In the case of dorsal angulation, this will bein the midline. Three transverse 
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Fig. 12. Use of holding sutures. 


B 


Fig. 13. Proposed plaque incisions marked. 


relaxing incisions are then marked over the plaque, centering on this line, spaced approx 
1cm apart. If the zone of curvature in question is associated with substantial narrowing, 
then the incisions should be placed to allow one of the techniques for diameter expan- 
sion. In the absence of an identified hourglass segment, the middle relaxing incisions 
should be darted laterally to prevent longitudinal expansion from narrowing the penis. 

Incisions are marked using a sharpened sterile cotton swab and methylene blue dye. We 
find it helpful to confirm that the transverse relaxing incisions are oriented properly, drawn 
without inadvertent obliquity, by bunching the dorsal neurovascular bundle together in 
the midline and viewing these incisions from the dorsal perspective (Fig. 13). Because of 
the distortion introduced by retracting the bundle to one side or another, the view afforded 
by this exposure can makeitdifficult to seeif thelines aretruly transverse. A no. 15 blade 
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Fig. 14. Incision of plaque. 


is then used to score the incisions, which are deepened with fine] oseph scissors, taking 
care to preserve all underlying sinusoidal tissue (Fig. 14). 

A modification of technique is necessary when plaque calcification has been either 
identified preoperatively or encountered during surgery as a hard plaque that cannot be 
divided. In dealing with macroscopic calcification such as can beseen onlow-kilovoltage 
x-rays (14), relaxing incisions should be planned to cross the calcified areain more than 
one place to allow maximal exposure. W hen the overlying tunica has been incised down 
to the calcification, usually located in the areolar tissue sleeve betw een the corpus caver- 
nosum and the tunica albuginea, a sharp Freer ear, nose, and throat periosteal elevator 
is used in conjunction with fine scissor dissection to lift the tunica off the outer surface 
of thecalcification (Fig. 15). Itisthen afairly simple matter to push the sinusoidal tissue 
from the underside of this material and remove it completely. We have found in the major- 
ity of cases the overlying tunica thus preserved is quite satisfactory. Rarely, in the case 
of very large, irregular, or multifenestrated plaques, the overlying tunicais unintention- 
ally thinned or divided, requiring use of asmall portion of the temporalis fascia for mid- 
line repair. 


Grart Harvest, MARKING, TRANSFER, AND ANASTOMOSIS 


On obtaining the temporalis fascia, our ear, nose, and throat colleagues flatten it out 
onto aTeflon™ block. Once the relaxing incisions have been made and tested for ade- 
quacy as described, toothed A dson forceps are used to stretch each incision for measure- 
ment. W hen using temporalis fascia, grafts are cut to fit the relaxing incisions with no 
need to oversize them for shrinkage. It then remains only to divide the specimen in such 
a way that they provide proper size and shape to each graft. Although this occasionally 
presents a challenge requiring some imaginative space planning, we have found the 
average piece of temporalis fascia usually supplies three grafts without difficulty. In the 
most common instance of dorsal curvature, the proximal and distal grafts are cut ellip- 
tically to fit the gaps created by transverse incision; the central graftis left with squared- 
off ends for the darted middle incision. A heavy line of methylene blue is used to mark 
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Fig. 15. R emoval of dystrophic calcification, sparing tunica. 


Fig. 16. E dges of graft marked for visibility. 


the fascia for division into grafts, so that each graft keeps a painted blue edge (Fig. 16). 
This facilitates accurate suture anastomosis. 

To provide exposure for the transfer and anastomosis of each graft, selected 3-0 nylon 
holding sutures inthe tunica are passed under the neurovascular bundleto retractit safely 
out of the way. Then, 5-0 PDS™ sutures are passed through each lateral corner of the 
relaxing incision and through the corresponding corner of its graft, which allows the graft 
to be passed onto its corresponding defect without furling or distortion (Fig. 17). Proximal 
and distal midline sutures of the same material are then placed, maintaining graft position 
by four-point fixation and facilitating graft anastomosis using fine watertight running 
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Fig. 17. Transfer of graft into relaxing incision. 


Fig. 18. Effect of free graft expansion with saline insufflation. 


technique for each of the four quadrants. This allows the suture line to expand without 
purse-stringing. 
TESTING AND FINE TUNING 

W hen all relaxing incisions are grafted, saline insufflation artificial erection is induced 
using ano. 21 butterfly needle and pair of 20-cc syringes (Fig. 18). At this time any sig- 


nificant leaks can be closed with a figure-eight 5-0 PDS suture. Residual angulation can 
be addressed with either additional grafts (if material remains) or with small plications. 
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We have found Y acchia’s technique for corporoplasty useful: A fter the application of 
Allis clamps, ano. 11 blade is used to open the tunica longitudinally between teeth marks, 
which is then closed transversely (15). This is most commonly used to correct the slight 
dorsal glans tilt that remains in some cases of severe angulation owing to our unwill- 
ingness to place distal grafts under the coronal sulcus. Usually, a 1- or 2-mm plication 
is sufficient. 


Results 


Our original 1991 report of 12 cases treated by plaque incision and temporalis fascial 
grafts was updated at the N ational Institutes of H ealth International Conference on PD 
held in Bethesda, M aryland, in M arch 1993. Atthattime, among 40 patients, bending was 
corrected in 74%, significantly improved in 21%, and uncorrected in 5%. Bothersome 
erectile dysfunction was present in 12% of patients preoperatively. Postoperatively, 14% 
of patients required either vacuum erection devices or the use of intracavernous injections. 
In 1995, we reviewed experience with 69 cases, highlighting the difficulty encountered 
in patients with isolated lateral bends (12). Among this group, 50% of patients had dorsal 
bends, 20% were lateral, 20% were dorsolateral, and 10% were ventral or ventrolateral. 
Of those patients afflicted with dorsal or ventral bending, surgery produced complete 
correction of deformity in 82% and improvementin 6%. Only 17% of patients with purely 
lateral bending werecompletely corrected by surgery, with 33% inthis group demonstrat- 
ing improvement. Currently, 131 surgeries have been done. Overall, without regard to 
orientation of bend or the presence/absence of hourglass deformity, we continue to see 
75% of patients corrected and 20% improved by this technique. A pproximately 7% of 
patients not using pharmacological therapy for erectile dysfunction preoperatively will 
require medication (usually phosphodiesterase inhibitors) postoperatively. 


CONCLUSIONS 


W ith careful selection of operative candidates and strict attention to technique, plaque 
incision and temporalis fascial graft inlay offers correction of deformity and improve- 
ment in sexual function in a high percentage of men with severe Peyronie’s disease. 
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18 Venous Patch Graft Surgery 


for Peyronie’s Disease 


Robert C. Dean, mD and Tom E Lue, MD 


SUMMARY 


Multiple surgical procedures have been developed for the treatment of Peyronie’s 
disease. W ith these penile-straightening surgeries, two broad surgical categories have 
emerged. These categories are penile-shortening procedures (plication) and penile- 
lengthening procedures (penile grafting). With the penile-grafting procedures, different 
grafting materials have been used. Presented here is the use of the autologous saphenous 
vein graft. The venous graft has many advantages, including (1) similar thickness of the 
replacing tunica albuginea, (2) an endothelial lining that prevents hematoma formation, 
(3) elasticity of the graft, and (4) the wall of the saphenous graft can establish a blood 
supply from the lumen of the corpus cavernosum, thus preventing graft ischemia and 
contracture. Also, there is decreased inflammation or reaction to the graft because it is 
autologous. With careful patient selection, the saphenous vein graft for Peyronie's dis- 
ease is an excellent therapy for penile curvature. 


KeyWords: Graft; Peyronie's disease; penile straightening; saphenous vein; surgery. 


INTRODUCTION 


Surgical management of Peyronie’s disease (PD) is quite varied. M odifications of 
procedures have been made to techniques that were first described almost 50 yr ago. The 
“perfect” surgery to correct penile curvature secondary to PD still eludes urologists. The 
urologist should embrace these various techniques and procedures for the patient with 
PD is better served when the urologist can customize a surgery to correct that patient’ s 
particular disease presentation. The varied anatomical, pathological, and physiological 
presentations of PDs are perhaps the reason for the wide array of surgical interventions 
necessary for a customized correction. 

In certain indications, tunica-preserving procedures have had reasonable success. T he 
most popular of these are tunical plication (1,2) and the N esbit procedure (3,4). However, 
these procedures shorten the penis and do not correct the hourglass deformity or penile 
narrowing. Graft replacement surgery has gained wide popularity, with many autologous 
and synthetic materials reported with varying results, but notable shortcomings include 
graft contracture, curvature recurrence, neurovascular injury, and impotence. Ideally, a 
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Fig. L Dissecting the neurovascular bundle laterally toward the corpus spongiosum. 


grafting procedure should result in a straight penis without impairing erectile function. 
Also, the graft material should be accepted with minimal inflammatory response at the 
recipient's site. In this chapter, the technique and surgical outcome of plaque incision and 
saphenous venous patch grafting to correct the complex penile deformity associated 
with PD is discussed. 


SURGICAL TECHNIQUE 


F or Penile Curvature 


A circumcision incision is made proximal to theglans penis. If the patientis uncircum- 
cised, then the foreskin can be preserved if a circumferential incision is made just proxi- 
mal to the glans penis on the retracted skin of the penis. (Editor’s note: There is risk of 
paraphimosis with this technique.) Next, dissect and reflect the skin and subcutaneous 
tissuein adegloving manner to the base of the penis. For a dorsally located plaque, identify 
and resect the deep dorsal vein after opening theB uck’s fascia. Then, dissectB ucks’ fascia, 
with the paired dorsal neurovascular bundles, off the tunica albuginea of the corpora 
cavernosa, leaving the fibrous tissue behind. T his is performed from the 12 0’ clock posi- 
tion (from the bed of resected deep dorsal vein) laterally. 

The use of surgical loupes to dissect the bundles safely off the tunica is highly recom- 
mended. This is an extremely important step in this surgery for it restores the neurovas- 
cular bundle’s length (Fig. 1). Also, despite great care to prevent stretch and injury to the 
paired neurovascular bundles, some patients will complain of glans sensitivity changes 
postoperatively. In addition, if an arterial communication between the dorsal and caver- 
nous arteries is identified on preoperative duplex ultrasonography, great effort should be 
made to preserve these vessels. For the ventrally located plaque, one must dissect the cor- 
pus spongiosum off the corpora cavernosa. 

To assess the patient’ s curvature, an artificial erection is created by inserting a21-gage 
butterfly needle into the corpus cavernosum for injection of saline solution with manual 
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Fig. 2. L ocating the apex of the penile curvature using an intracavernosal saline injection. 


compression of the crura. T he apex of the curvature is marked horizontally with a mark- 
ing pen. This mark will be the site of the relaxation incision, the middle bar of an H -shaped 
incision (Fig. 2). Itshould extend at least 1 cm beyond the plaque laterally. Often, the end 
pointof this incision is near the corpus spongiosum. Once theH -shaped incision is made, 
the penis is stretched both longitudinally and transversely, and the tunical defect is mea- 
sured to determine the appropriate size of the vein graft. Occasionally, more than one 
incision may be necessary to correcta longer or complex deformity. Oneto two incisions 
are sufficientin all cases to correct deformity. AnH -shaped incision generally suits most 
deformities (Fig. 3). 

For graft harvest, either distal or proximal saphenous vein can be used. The femoral 
portion is preferred as this region of the saphenous vein provides a thicker graft and fewer 
separate segments are needed to form the final graft. An incision over the inner thigh is 
made and a segment of the saphenous vein is isolated. The length of the venous segment 
is determined by the size of tunical defect. The harvested vein is detubularized and divided 
into equal-length segments. Using small, nonpenetrating vascular clips on the adventi- 
tial surface, the segments are assembled (Fig. 4). The assembled saphenous patch graft 
is then sutured to the defect, endothelial side down facing the erectile tissue, with con- 
tinuous 4-0 polyglycolic acid suture. T o prevent gathering of thetissue and graft, locking 
stitches are employed. 

Intracavernosal saline injection is used again to induce an erection to check for any 
leakage and to assess the deformity (Fig. 5). If necessary, another patch graft or plication 
sutures are placed. M inor corrections are made by placing nonabsorbable plication sutures 
to compensate for over- or undercorrection or to correct for lateral curvature. Once there 
isno significant leakage and the penis is straight, Buck’s fascia is closed using 4-0 poly- 
glycolic acid sutures. Closure of the penile wound is performed with absorbable 5-0 
sutures. A urethral catheter is inserted. The leg wound is closed with 4-0 polyglycolic acid 
suture subcuticularly. The penisis wrapped with a circumferential, noncompression dress- 
ing. Thepatient’s penis is checked 1-2 h later to ensure adequate blood supply to the glans. 
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A yaa = = = = E r PAOA 
Fig. 3.A fter an H-shaped incision on the dorsum of the penis is made, the penis is stretched longitu- 
dinally and transversely so that the size of the tunical defect can be measured. 


Fig. 4. Staple line on the adventitial surface of the vein graft. 


On postoperative day 1, the penile dressing is changed, and the urethral catheter removed. 
The patient can then be discharged with instructions to change the dressing once a day 
for 10 d and to abstain from sexual intercourse for 6 wk (5). 


F or Penile Indentation or H ourglass D eformity 


The procedure is similar to the previous one described except for the following: (1) The 
neurovascular bundle is dissected from the paraurethral ridge toward the dorsal aspect; 
(2) a tunical incision is made on the lateral aspect of the penis with the middle bar of the 
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Fig. 5. Saline-induced erection after placement of vein graft. 


H placed longitudinally; (3) alongitudinal graft is placed for unilateral indentations; and 
(4) two separate longitudinal grafts are needed for an hourglass deformity (6). 


F or Penile Curvature With H ourglass Deformity 


AnH-type incision is made on the dorsum of the penis. A gain, the middle bar of the H 
is made at the apex of the curve, but the lateral incisions are longer to correct the hour- 
glass deformity. An H-shaped graft is constructed to expand the tunica albuginea both 
longitudinally and transversely. 


F or Severe Penile Shortening Caused by Peyronie’s Disease 


For patients with severe contracture of the penis, circumferential vein grafting is per- 
formed with the understanding that vacuum erection device or penile prosthesis will be 
necessary for sexual intercourse following the surgery. A similar approach is used to 
obtain exposure to the plaque of the penis as previously described. A fter a circumcising 
incision and adegloving dissection is performed to the base of the penis, the deep dorsal 
vein is resected. Under loupe magnification, the neurovascular bundles and the corpus 
spongiosum are carefully dissected off the corpus cavernosa. A relaxing horizontal inci- 
sion is made through the center of the plaque and carried circumferentially around the 
tunica albuginea. The circumference and the longitudinal gap are measured to harvest 
an adequate length of the saphenous vein graft. A circular graft is created. The graft is 
sutured to the tunica albuginea to cover the defect. Following the recovery from this 
surgery, the patientis instructed to use a vacuum erection device to stretch the penis daily 
for 6 mo. This begins after the second postoperative month. B ecause of both the severity 
of the disease and the extent of the surgery, these patients are not likely to achieve full 
erection after the surgery. Therefore, again, the patient must be made aware of the need 
for the vacuum erection device for adequate erections for sexual intercourse (7). 
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SURGICAL SELECTION AND OUTCOMES 


In 1974, penile dermal grafting to cover the defect from Peyronie's plaque excision 
was first described by Horton and D evine (8). B ecause penile shortening with plication 
surgeries was unacceptable for many patients, especially those with severe curvature, 
Horton and Devine developed this technique. The success of this procedure has been 
widely reported; however, other reports have been less enthusiastic secondary to graft 
retraction and a substantial risk of erectile dysfunction postoperatively (9-11). The search 
for the ideal graft material began. | deal graft material qualities include (1) pliability and 
compliance, (2) low antigenicity risk, (3) low infection risk, (4) minimal inflammation, 
and (5) high tensile strength (12). The search for the ideal graft material continues today. 

The rationale for saphenous vein graft was born from the fact that the penis is essenti- 
ally a blood vessel. The tunica albuginea is similar to a vessel wall. We believethe saphen- 
ous vein graft therefore has the following theoretical advantages for substitution of the 
diseased tunica albuginea: (1) The endothelium prevents hematoma formation under the 
graft by releasing nitric oxide; (2) the thickness of the venous wall is similar to the tunica 
albuginea; (3) there is excellent elasticity within the muscular coat of the venous graft; 
and (4) the wall of the saphenous graft can establish a blood supply from the lumen of the 
corpus Cavernosum, thus preventing graft ischemia and contracture (13). The disadvan- 
tages include (1) the need for a second incision; (2) hematoma to the thigh or leg; (3) 
lymphocele formation; and (4) potentially limiting the supply of saphenous vein needed 
for grafting during coronary bypass surgery. 

Patient selection is extremely important for individuals considering incision-and- 
grafting surgery with saphenous vein graft. Patients with minimal penile curvature or 
deformity secondary to PD should strongly consider plication surgery, especially if there 
is adequate penile length. Further investigations with intracavernousal injection and color 
duplex ultrasound are strongly recommended to aid in the evaluation of the penile curva- 
ture/deformity and the vascular anatomy. Injury to vascular communications of the dor- 
sal and cavernosal arteries near the plaque could increase the risk of erectile dysfunction 
postoperatively. If these communications are present, then it is recommended that the 
patient havea plication surgery in lieu of a grafting procedure. Patients with erectile dys- 
function, even responsive to medical therapy, should not undergo incision and grafting 
for these patients carry an almost 50% probability of worsening erectile dysfunction. A Il 
patients need to be counseled for the possibility of continued penile curvature, erectile 
dysfunction, penile ballooning, and penile shortening postoperatively. 

Successful outcomes have been established in several reports for saphenous vein graft. 
The initial report from Lue et al. demonstrated complete penile straightening in 96% of 
patients, and 83% of patients had the same or improved penile length. Erectile dysfunc- 
tion occurredin only 13% of the potent patients studied (14). O ther authors have reported 
straightening rates from 75 to 96% and potency rates over 90%, with patient satisfaction 
rates approx 90% (15-17). 


SUMMARY 


Saphenous vein graft for penile curvature correction secondary to PD has become a 
standard procedure. T he techniques required for this surgery are complex and delicate but 
are within reach of the practicing urologist. Careful patient selection is required, whichis 
truein any surgical intervention for PD. The plaqueincision and saphenous vein grafting 
procedure is a useful technique for correction of penile deformity secondary to PD. 
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19 Use of Porcine Small Intestinal 
Submucosal Graft in the Surgical 


Management of Peyronie’s Disease 


L. Dean Knoll, MD 


SUMMARY 


This chapter reports long-term outcomes and the incidence of postoperative erectile 
dysfunction with the use of a xenographic porcine jejunal submucosal graft as a closure 
material for the tunica albuginea after Peyronie’s plaque incision. There were 122 
patients with penile curvature of 60° or greater who underwent plaque incision with 
closure of the tunical defect with this material. Surgical correction of the penile curva- 
ture was achieved in 90% of the patients. At a mean follow-up of 36 mo, 79% of the 
patients maintained their same degree of potency as preoperative. X enographic porcine 
jejunal submucosal grafts for the coverage of cavernosal defects after Peyronie’ s plaque 
incision allow satisfactory clinical results. 


Key Words: Biomaterial grafting; Peyronie’s disease; surgery. 


INTRODUCTION 


The fibrous inelastic scarring process involving the tunica albuginea (TA ) of the cor- 
pora cavernosa caused by Peyronie’s disease (PD ) can resultin penile curvature or defor- 
mities, leading to mechanical erectiledysfunction(ED ). W hen PD isstable, characterized 
by negligible pain and stable plaque and deformity, surgical management may be offered 
to correct penile curvature or in those with a loss of penile rigidity. Surgical correction 
has included incision of the plaque and insertion of afree block of fat(1), various tunical 
plication procedures (2-6), and grafting procedures with incision or excision of the plaque 
with various materials (autologous, allograft, synthetic, and xenographic) (7-18). 

The ideal material with which to close defects in the TA after penile straightening 
Operations has not been described. M ost of the defect closure materials used in the past 
were not durable enough or caused recurrent fibrosis/curvature, graft contracture, orED. 
M odern tissue graft materials include autologous allografts (vein, tunica vaginalis, der- 
mis, temporalis fascia); human cadaveric graft (pericardium, dura mater); synthetic grafts 
(polytetrafluoroethylene); and xenografts (small intestine submucosa [SIS], dermis, 
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pericardium). This chapter describes the surgical technique and results of the use of an 
acellular xenographic porcine jejunal submucosal graft (SIS) as a closure material for 
the TA after plaque incision. 


MATERIALS AND METHODS 


From A ugust 1998 to A ugust 2004, there were 122 patients with PD who underwent sur- 
gical treatment with incision of the plaque and SIS (Surgisis, Cook Urological, Spencer, 
IN ) grafting technique. T he patient age ranged from 38 to 69 yr (mean 53 yr), and the mean 
interval between the onset of disease and surgery was 17 mo (range 12-40 mo). 

The patient evaluation included a detailed medical and surgical history (i.e., the dura- 
tion and progression of the symptoms, status of penile rigidity, ability to engage in sexual 
intercourse, and history of penile trauma or surgery). No patient had penile pain with or 
without an erection, and all had no progression of the penile curvature during the preced- 
ing 9mo. All patients had full penile rigidity but were unable to obtain vaginal penetration 
secondary to the penile curvature. No patient who required pharmacological assistance 
(oral medication, intracavernosal injection [ICI], urethral insert) or a vacuum device to 
obtain full rigidity was included in this study. No patient had a history of penile fracture 
or surgery. 

The physical examination focused on palpation of the penis to determine the location 
and extent of the plaque on the penis. Plaque sizes varied, and by ruler measurement of 
length and width by thesameindividual (L. D.K .) rangedfrom1.5<94.5cmto 3.5 <> 6.5 
cm in this group of patients. 

The initial 12 patients underwent a color Doppler ultrasound examination (ATL U Itra- 
mark 9, Bothell Laboratories, Bothell, WA) after ICI of 10 ug prostaglandin E;. Genital 
self-stimulation was performed manually 10 min after injection. All 12 patients had peak 
systolic blood flow velocities greater than 35 cm/s and end diastolic flow velocities less 
than 5 cm/s. The remaining 110 patients underwent an ICI with 10-20 ug of prostaglan- 
din E; with genital self-stimulation. Photographic documentation of the curvature was 
recorded. A II patients obtained a full erection with IC1. A II patients had curvature greater 
than 60° as measured by the same examiner (L. D.K .) using a protractor. Preoperative bio- 
thesiometry was performed in all patients for documentation of baseline penile sensation. 

All patients received preoperative antibiotics and general anesthesia. A circumcision 
incision was used, with sleeving of the skin and subcutaneous tissues to the base of the 
penis. The curvature was documented by creating an artificial erection, which was done 
by inserting a 19-gage butterfly needle into the corpus cavernosum with corpora restric- 
tion, obtained by tightening a 12-French red rubber catheter around the base of the penis 
(Fig. 1). Surgical loupe magnification was used to dissect the neurovascular bundlefrom 
the corpora cavernosa (Fig. 2) dorsally or the corpus spongiosum ventrally. 

The center of the curvature was identified with a marking pen, and a relaxing incision 
was made into the plaque, extending the ends to an H shape when required (Fig. 2). With 
the penis stretched, using a 2-0 silk suture placed in the glans, an appropriate size porcine 
jejunal submucosal graft (approx 30% larger than the defect) was sutured with continuous 
4-0 polyglycolic suture to cover the tunical defect (Fig. 3). The determination of graft size 
was accomplished by ruler measurement of the length and width of the defect with an addi- 
tional 30% added to each measurement. A repeated artificial erection was performed to 
determine penile straightness (Fig. 4). Subcutaneous tissues and skin were closed with 
4-0 chromic interrupted sutures. A 12-French Foley catheter was inserted, and a loosely 
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Fig. L Artificial erection and documentation of penile curvature. (From ref. 14.) 


Fig. 2. Isolation of neurovascular bundle and plaque incision. (From ref. 14.) 


wrapped dressing was placed. Patients were dismissed from the hospital the following day. 
Sexual intercourse was permitted after 8 wk. 

Home photographic documentation was obtained at 3 mo postoperatively, and all 
patients were examined at 3 mo postoperatively in the office. A dditional assessment to 
determine penile length, straightness, sensation, and rigidity was performed using a spe- 
cial questionnaire completed by the patient at 3, 6, and 12 mo; the last two follow-ups 
were by telephone. 


RESULTS 


Dorsal curvature was the main penile deformity documented in 79 patients (65%). 
Twenty-two patients (18%) had lateral curvature, and 21 patients (17%) had ventral cur- 
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Fig. 3.Sewn-in graft. (From ref. 14.) 


Fig. 4. Artificial erection after placement of graft. (From ref. 14.) 


vature. The degree of curvature ranged from 60 to 90°, with 18 patients having an inden- 
tation at the plaque site. A II patients had plaque palpable on physical examination of the 
penis both preoperatively and postoperatively. 

Penile curvature was straightened (<15°) in 110 patients (90%), 7 with less than 10° 
after follow up of 4-72 mo (mean 36 mo). Twelve patients (10%) developed recurrent 
curvature, of which 4 required reoperation. Four patients developed marked indentation 
at the graft site, and two required reoperation. T he overall reoperation rate for recurrent 
curvature was 5% (6 of 122 patients) in the entire group. 

Twenty-three patients complained about transient (2- to 12-mo duration) penile hypo- 
esthesia (mean 3 mo). Once penile hypoesthesia resolved, postoperative biothesiometry 
showed no changefrom baseline exam in these patients. N o patient complained of penile 
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Table 1 


Postoperative Results 
No. of patients (%) 


Penile straightness 


Straight (<15°) 110 (90) 

Recurrent curvature 12 (10) (reoperation 4) 
Penile indentation at graft site 4 (3) (reoperation 2) 
Penile length change 

No change 54 (44) 

Longer 68 (56) 

Shorter 0 (0) 

Penile sensation change 

Y es (transient) 23 (19) 

No 99 (81) 
Immunogenic rejection reaction 0 (0) 

Postoperative erectile function 
U naided 96 (79) 
Aided 26 (21) 
Oral therapy 12 (10) 
ICI 8 (6) 
Penile implant 6 (5) 


shortening or pain. No patient developed an infection, hematoma, permanent bulging at 
graft site, or a local immunogenic rejection reaction (erythema, pain) to SIS (Table 1). 

All patients were able to have intromission for satisfactory intercourse. Ninety-six 
patients (79%) were able to obtain full unaided erections; 26 patients (21%) required 
assistance (12 oral therapy, 8 ICI, 6 penile prosthesis) (Table 1). 


DISCUSSION 


Patients with PD creating penile deformity resulting in mechanical ED who have 
good erectile function are ideal candidates for penile straightening procedures. Despite 
extensive clinical experience and long-term follow-up of multiple surgical procedures 
for PD, no single operation is ideal forall cases of clinically significant curvature. Plaque 
incision rather than excision with grafting has been widely used recently; however, an 
ideal graft material for closure defects inthe TA still eludes the urologist. The shortcom- 
ings from autologous and synthetic materials reported include graft contracture, recur- 
rent curvature, infection, worsening ED, and morbidity associated with autologous 
tissue harvesting. The graft material should have good tensile strength, invoke minimal 
immunological response by the recipient, be easy to use, be readily available, and be 
inexpensive. T his chapter describes the use and long-term follow up of a porcine jejunal 
submucosal graft for coverage of cavernosal defects after Peyronie’s plaque incision. 

Thesourceof the graftis a biomaterial prepared from the porcinesmall intestine (jeju- 
num). Asthesmall intestine is processed, the graftis rendered essentially acellular, leav- 
ing the extracellular matrix material. This naturally occurring reabsorbable extracellu- 
lar matrix consists of a variety of structural and functional proteins, including several 
types of collagen (most aretypel), fibronectin, five different gl ycosaminoglycans, basic 
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fibroblast growth factor, and transforming growth factor. Studies have demonstrated 
that the graft has shown tissue repair and remodeling characteristics and is completely 
reabsorbed, rather than forming a generalized fibrotic tissue when placed in vivo (19- 
23). This regeneration of tissue remodeling after implantation has been termed smart 
remodeling (24). 

The graft averages 0.42 mm in thickness. It has a suture retention strength of 775 g/ 
mm2, with a burst force of 28.5 |b. These features make the graft thin but strong enough 
notto allow bulging atthe graft site. This problem did not occur in any patientin this series. 
No separation of the graft was identified on palpation, and no patient developed a hema- 
toma over the graft site. 

In this series, no patient developed an infection after the procedure or demonstrated 
physical evidence of alocal immunogenic rejection reaction (tenderness, erythema). No 
systemic immunological testing was performed. In preclinical studies, the submucosal 
graft has demonstrated greater resistance to bacterial infection compared with synthetic 
graft materials (25). One mechanism thought responsible for this resistance is the rapid 
neovascularization induced by resident cytokines into the submucosal graft. Thelyophi- 
lized (freeze-dried) graftis rehydrated in normal saline for a minimum of 10 min. W hen 
wet, thegraftis pliable, soft, slick, and easy to handleand allows for easy suture placement. 

Porcine small intestine submucosa has been used in other disciplines such as cardio- 
vascular medicine, gastroenterology, dermatology, and orthopedics. O ther human clini- 
cal trials are under way using SIS for bladder augmentation, hypospadius/epispadius 
repair, and sling bladder suspension procedures. K napp et al. reported on the results of 
submucosal grafting and augmentation cystoplasty in animals in which the histologic 
results demonstrated regeneration of both epithelial and smooth muscle layers across the 
graft (26). The lack of detection of the graft is believed to be because of the infiltration 
of the graft by host cells that begins the process of tissue remodeling (19-21). 

To date, no reports of clinical or immunological problems with human use of SIS have 
been reported. Weidemann and Otto reported that the use of SIS for pubourethral sling 
Suspension procedures in humans have been studied histopathologically. The morpho- 
logical findings in this study, in which the biopsy was taken from the implantation site of 
the SIS band under the vaginal mucosa, showed nothing more than focal residues of the 
SIS implant without any evidence of a specific tissue reaction. There were no changes 
that might pointto aforeign body reaction. There was likewiseno evidence of any signif- 
icantimmunological reaction and in particular no evidence of any chronic inflammatory 
reaction (27). 

Reoperation rate in this series was 5% (6 of 122 patients) and occurred secondarily 
because the graft was not made large enough. To help prevent recurrent penile curvature 
that occurred within the first 12 wk postoperatively, intraoperatively a suture was placed 
through the glans penis to stretch the penis and create the maximum size defectin the TA. 
Itis important to makethe graft size approx 30% greater than the defect. Postoperatively, 
itis imperative to instruct the patient to place his penis 180° oppositefrom his original cur- 
vature to keep the graft maximally stretched for tissue ingrowth. 

To maximize surgical outcome, plaque stability and preoperative erectile function must 
be assessed thoroughly to minimize unrealistic expectations by patients. All 122 patients 
had good erectile function preoperatively; however, 26 patients (21% ) developed postop 
ED, which occurred within the first 6 mo (range 2-6 mo). Twelve patients responded 
to oral phosphodiesterase 5 inhibitors. M ore distressing was that 8 required ICI, and 6 
required placement of a three-piece inflatable penile prosthesis. The exact mechanism 
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of the development of postoperative ED is not entirely understood, but in this series no 
single factor (i.e., plaque location, graft size) could be identified. Surgical placement of 
the penile implants (six) was not complicated by the previous grafting procedure. 


CONCLUSION 


Acellular porcine jejunal submucosal grafts for the coverage of cavernosal defects 
after Peyronie’s plaqueincision allow for satisfactory clinical results. The ease of surgi- 
cal handling and placement, no associated comorbidities from harvesting techniques, and 
no adverse reactions make this material an anatomic and functional tunical substitute. It 
is mandatory to inform patients that surgery could possibly decrease erectile capability. 
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SUMMARY 


Penile reconstruction for Peyronie’s disease may require advanced techniques of 
plaque incision or partial excision when the deformity is severe. This technically 
challenging procedure is indicated for men with good-to-excellent preoperative erec- 
tile capacity and erect penile curvature exceeding 60° or unstable penis or hinge effect 
caused by severe indentation or hourglass deformity. Various grafts have been used 
historically, including fat, dermis, fascia, vein, and more recently, processed cadaveric 
tissue that can be “taken off the shelf,” which can shorten operative time and avoid a 
second incision at the donor site. These procedures require attention to detail in defin- 
ing the deformity, careful elevation of the neurovascular bundle, incision or partial exci- 
sion of the plaque, and proper sizing of the graft to repair the tunical defect. A compre- 
hensive informed consentis critical to detail possible postoperative issues, including loss 
of penile length, diminished sexual sensation, incomplete or recurrent curvature, and, 
mostimportant, erectile dysfunction. This chapter describes the plaque incision/partial 
excision procedure using the modified “H” incision and pericardial grafting technique. 


Key Words: Penile reconstruction; penile straightening; pericardial grafting; Pey- 
ronie’s disease; plaque incision or partial excision. 


Surgery remains the gold standard of treatment for Peyronie’ s disease (PD) and is the 
most reliable way to correct the deformity associated with this disorder. T he indications 


for surgical reconstruction include a stable, painless deformity, compromised ability or 


inability to engage in coitus as a result of deformity, or diminished rigidity. In addition, 


men who have extensive plaque calcification are best considered for surgical correction 


as these patients tend to fail all medical therapy. Last, any man who desires the most 


rapid and reliable result should be offered surgery. 


Because all patients with PD do not present alike, no single operation is likely to treat 


all patients successfully. Several factors should be evaluated that will assist the surgeon 


in determining the appropriate surgical approach. These include the nature of the deformity 


in terms of curvature, hinge effect, and hourglass deformity as well as erectile capacity. 


From: Current Clinical Urology: 
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Erectile dysfunction (ED) is commonly associated with PD, and the man who has dimin- 
ished preoperative rigidity needs to be counseled carefully about the surgical approach. 
M en with significant preoperative ED who might be corrected surgically may still have 
significant ED postoperatively and therefore should be counseled to proceed to penile 
prosthesis. On the other hand, men who have satisfactory erections with or without phar- 
macotherapy may be offered surgical straightening without penile prosthesis. 

Several surgical algorithms for PD have been presented; the first published algorithm 
in 1997 suggested that when rigidity was adequate regardless of the deformity a tunica 
albuginea plication procedure was the preferred approach when the curvature was without 
significant hourglass or hinge effect or less than or equal to 60°. For the more complex, 
multidimensional curves of greater than 60° with or without a destabilizing hourglass or 
hinge effect, then plaque incision or partial excision with grafting was recommended (1). 

All patients should undergo a detailed preoperative discussion as the goals for surgi- 
cal reconstruction are to enhance or preserve preoperative rigidity, to straighten the 
penis, and to reestablish a shaft with normal caliber. We know that not all men who have 
undergone these procedures have been satisfied with the outcome; therefore, a detailed 
preoperative discussion of outcome expectations and informed consent should be obtained 
with every patient. The surgeon should discuss the possible side effects of surgery, includ- 
ing potential reduction of rigidity; diminished penile sensation; delayed ejaculation, 
which may take up to 6 mo to resolve; or shortening of the penis (regardless of the surgi- 
cal approach). There is also a potential risk of persistent or recurrent curvature, which is 
unusual if disease has been stable for atleast 6 mo. | counsel my patients to understand that 
sexual activity may not resume immediately after surgery and may take 2-6 mo to recover 
fully. Those patients who are not willing to accept these possible compromises should 
consider evaluation by a sex therapist prior to surgery. 

Prior to beginning any reconstruction, penile stretched length should be measured. 
Thisis performed by measuring the dorsal shaft length from the pubis (by pushing down 
on the pubic fat pad) to the corona. This length uses two fixed points; measurement should 
be repeated pre-, intra-, and postoperatively (2). 

For the patient who is a candidate for tunica plication, a variety of corporal plication 
procedures have been reported since the original description by Nesbit in 1965 (3). This 
procedure was used initially for boys with congenital chordee. A more detailed review 
of tunica plication options is found in Chapter 12. 

This chapter focuses on the Rush University (Chicago) modification of the plaque 
incision and grafting procedure. This is amore complex operation than tunica plication, 
whichis recommended for more extensive deformities, including severe curvature greater 
than 60° and particularly when there is advanced narrowing causing a destabilized shaft 
that cannot bear axial forces without buckling or hinging. 

M ultiple graft materials have been recommended, including dermis, vein, and more 
recently, nonautologous and processed cadaveric tissues such as pericardium (M entor 
Corp., Santa Barbara, CA); dermis (AlloDerm, LifeCell, Branchburg, NJ ); and porcine 
small intestinal submucosa (Cook Biotech, West Lafayette, IN). All of these grafts appear 
to be satisfactory. The primary concern in this operation is the preoperative erectile status. 
In areview of our experience using T utoplast® processed pericardial graft (M entor Corp.), 
we attempted to determine factors that might predict postoperative ED (4). Our analysis 
revealed that the only factors that indicated an increased risk of diminished rigidity included 
those men with ventral curvature for which up to 50% of patients experienced diminished 
erections in spite of good erections preoperatively, when the men were over 60 yr of age 
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regardless of their history of vascular risk factors, and most importantly, when the patient 
described a preoperative reduction in erectile capacity. 

In those men who described no compromise to preoperative erectile capacity and 
were simply unable to engage in intercourse because of severe deformity, 15% of these 
men noted some reduction in postoperative rigidity but were still able to obtain satisfac- 
tory erections for coitus spontaneously or with phosphodiesterase 5 inhibitor therapy 
(i.e., sildenfafil, vardenafil, tadalafil). On the other hand, in men who noted diminished 
erectile capacity preoperatively and graded their erections as a 7-8 out of 10, 30% noted 
further reduction in rigidity postoperatively. Fortunately, all of these men who had 
graded their own erections preoperatively as 7 out of 10 (“stuffable rigidity”) or greater 
were able to respond to oral pharmacotherapy for adequate sexual function. Two men, 
who had erections of graded as less than 7 out of 10 were advised preoperatively to 
undergo prosthesis placement but insisted on an attempt to straighten their penes with 
grafting but without a prosthesis, ultimately did require insertion of a penile prosthesis. 

Therefore, with this procedure informed consent is critical, focusing on issues of poten- 
tial reduction of rigidity, which may require temporary or permanent use of a pharmaco- 
logical or other aid, diminished penile sensation, delayed ejaculation, or shortening of 
the penis, even with the grafting procedure, which is designed to lengthen the shortened/ 
scarred aspect. Thereis also the potential risk of persistent or recurrent curvature, which 
is unusual if the disease is stable for at least 6 mo preoperatively. Patients are also coun- 
seled to expect variations in penile shape, sensation, and rigidity over the first 6-12 mo 
postoperatively as the graft heals and undergoes tissue reabsorption. Should there be any 
significant graft contraction or thickening resulting in recurrent curvature during the 
early postoperative period, the use of an external vacuum deviceis recommended. | have 
not routinely recommended the use of a postoperative vacuum device as this typically 
adds an additional $400-500 expense, which may not be covered by insurance. Last, the 
“off-the-shelf grafts” appear to be gaining popularity as they are readily available, do not 
require another incision to harvest, and shorten operating room time—all of which 
reduce the costof surgery. M y preferred graftis the T utoplast processed pericardium (5). 


SURGICAL PROCEDURE 


The erect penile deformity is evaluated following injection of papaverine (60 mg) or 
alprostadil (20 ug) with saline infusion (Fig. 1). The penis is degloved with a circumcis- 
ing incision performed approx 1.5-2 cm proximal to the corona. When correcting the 
more common dorsal or lateral curvature with the incision/partial excision and grafting 
technique, the neurovascular bundle (NVB) is elevated over the area of the maximum 
curvature. This should be performed with loupe magnification to avoid injuries to these 
delicate structures. | prefer to take a bilateral approach with an incision in Buck’s fascia 
running adjacent to the urethra. This avoids the majority of the dorsal nerve fibers and 
allows elevation of the NV B with exposure of the lateral aspects of the tunica albuginea. 
This is particularly useful when there is a narrowing or hinge effect in these areas. It is 
best only to elevate the tissue in the area of maximum deformity to reduce the likelihood 
of injury to nerve fibers or perforating vessels from the dorsal artery to the deep caver- 
nosal system. If there is extension of the fibrotic tissue into Buck’s fascia, then a plane 
can be carefully developed to release this tethering scar so that the N VB does not result 
in limited complete straightening (Fig. 2). Hemostasis throughout the procedure is best 
accomplished with bipolar electrocautery. 
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Fig. L Severe dorsal curve with dorsal left lateral indentation causing hinge effect. 


7 


Fig. 2. Elevation of neurovascular bundle, exposing area of maximum curvature and narrowing. 


If there is no significant narrowing of the shaft, then a simple transverse incision should 
be made centered over the area of maximum curvature and carried outto the 3 and 9 o'clock 
positions on the shaft bilaterally. Longitudinal extensions of the incision (modified H 
incision) can be made ata 30° angle to the transverse incision (Fig. 3A-D). By doing this 
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Fig. 3.M odified H incision: (A) lateral aspect of planned H incision with wings extending at 30° 
angleto longitudinal axis of shaft; (B) modified H incision in areaof maximum curvature and nar- 
rowing with expansion of incision tunica defect develops; (C) expansion of incision results in length- 
ening and girth enhancementin this area; and (D) correction of deformity with tunical defectto be 
repaired with graft. 
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Fig.4.D efectin tunic apparentwith penison stretch; all aspects of defectshould be measured on stretch. 


when the incision is expanded both longitudinally and transversely, the result will bea 
rectangular defect that will resume normal caliber in this area of the shaft. If there is 
extensive narrowing, deep indentation, or extensive calcification of the tunica, | recom- 
mend that this tissue be excised to allow reestablishment of anormal shaft caliber. Great 
care should be made to limit injury to the underlying cavernosal vascular tissue when 
releasing the scar or excising a portion of tunic. 

Once the plaque is opened or excised, the penis should be placed on full stretch, and 
4-0 PDS™ stay sutures (Ethicon, Somerville, NJ) are placed in the four corners of the 
defect. The stretched length of the penis is now remeasured (Fig. 4) and is typically 1-3 
cm longer than preoperatively. All aspects of the tunical defect must be measured care- 
fully. This may be the most critical step in this procedure to obtain the best geometric 
outcome. 

The stay sutures stretch the defect in both the longitudinal and transverse directions 
to obtain the full length of the defect. Great care should be taken to measure the trans- 
verse aspect to ensure correct measurement. | place another stay suture at the midline 
(12 o'clock position) of the defect and then measure on stretch from the lateral aspect 
to the midline and then from the midline to the contralateral corner. Itis remarkable how 
long this transverse may measure; do not be fooled to make it smaller as this may result 
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Fig. 5. Defect repaired with T utoplast pericardial graft in place. 


in recurrent narrowing. Typically, one tunical incision or partial excision is needed for 
straightening and reestablishing caliber. The defects to be patched range from 2 to 4cm 
long by 4 to 7 cm in transverse width. 

The Tutoplast processed pericardial graft can then be configured to the defect typi- 
cally by adding 10%, which will allow for any minor shrinkage. U sing the previously 
placed stay sutures, the graft is secured to all aspects to the tunica albuginea in a running 
fashion (Fig. 5). | prefer suturing from the tunica to the graft, which results in better 
contour. Once the graft is in place, erection is reestablished with the infusion pump. If 
there is persistent deformity that warrants further reconstruction, then another incision 
and grafting may be necessary, or a tunica plication can be performed contralateral to 
the curvature. In arecent analysis, we found that an added plication did not compromise 
postoperative rigidity or result in any significant shortening (4). 

To reduce the likelihood of subgraft hematoma formation, the midline of the graft can 
be secured to the septal fibers with two or three simple 4-0 PDS sutures. Subgraft hema- 
tomas occur in an unpredictable fashion. In the past, | made an effort to aspirate the 
accumulated blood postoperatively in the office and found that doing this provided no 
particular benefit unless the hematoma was causing patient discomfort. Therefore, on 
most occasions | leave the hematoma to reabsorb spontaneously with time. 
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PALAA Boise =! A eis 
Fig. 6. B uck’s fascia reapproximated with running 4=0 chromic suture. 


The grafting procedure may also be performed for severe (>90°) ventral curvature, 
but as noted, there is a heightened risk of postoperative ED (~50%). 

Buck's fascia is reapproximated bilaterally with a running 4-0 chromic suture (E thi- 
con, Somerville, NJ ); this should use just the very edge of the fascia so it does not com- 
promise the neurovascular tissue within it. This reapproximation will provide support for 
thegraftas well as tamponade bleeding under thefascia (Fig. 6). Theshaftskinis reapprox- 
imated with horizontal mattress sutures of 4-0 chromic. Men who are uncircumcised 
should undergo a circumcision as paraphimosis has occurred in patients who are left 
uncircumcised. 

A combination dressing is applied in thefollowing fashion: A firstlayer of X eroform® 
(Tyco Health Care, Mansfield, MA) is placed circumferentially over the circumcising 
incision covered by asingledry sterile dressing, and then a lightly applied Coban® dress- 
ing (3M, St. Paul, MN) is applied from distal to the proximal base, whichis molded to the 
shaft of the penis (Fig. 7). The Coban dressing is removed on postoperative day 3, and 
on postoperative day 14, the patientis seen in the office and instructed on penile massage 
and stretch therapy to help encourage recovery. This is done twice per day for 5-10 min 
for 1 mo. 

Over the past 3 yr, in those patients who have undergone theincision and grafting with 
Tutoplast(M entor Corp., Santa B arbara, CA ) processed pericardium, we have instituted 
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Fig. 7.C oban dressing in place, lightly applied from distal to proximal allowing exposureof glans. 


a sexual rehabilitation protocol using sildenafil citrate (Viagra, Pfizer, New York) by 
which 25-50 mg are taken at bedtime beginning on postoperative night 10 and continuing 
through night50.A noncontrolled study of patients who followed this rehabilitation pro- 
tocol vs those who did not showed atrend of less postoperative dysfunction and morerapid 
recovery to satisfactory erections (p >0.05) (4). Overall sexual activity may resume 6 wk 
following surgery. If erections are suboptimal, then aphosphodiesterase type V inhibitor 
(e.g., sildenafil, vardenafil, tadalafil) is recommended to enhance erectile response. For 
those patients who need further assistance with their postoperative rigidity, vacuum devices 
may be used either aloneorin concert with the phosphodiesterase 5 inhibitor medication. 

In a published review of our initial experience with the Tutoplast pericardial graft 
repair for advanced Peyronie’s deformity, we found that in 40 consecutive men with a 
mean age of 50 yr who had a mean curvature of 69° (range 40- 140°) and in whom 65% 
had significant indentation, 98% were satisfactorily surgically straightened (defined as 
curvature less than 20°) at a mean follow-up of 18 mo (range 2-40 mo) (5). Of these 
individuals, all were sexually active, 70% required no pharmacological assistance, and 
as noted, 15% of men had reduction of their erections when they had a grade 9-10 out 
of 10 erection preoperatively, but 30% had reduction of rigidity when their rigidity was 
graded as 7-8 out of 10. Objective evaluation of length change measured dorsally both 
pre- and postoperatively revealed that 58% of patients had a mean increased penile length 
of 1.4 cm, 33% had mean shortening of 1.7 cm, and 10% were unchanged. 

Itis therefore my opinion that the incision or partial excision and grafting procedure 
remains an effective procedure for the properly selected patient. The most critical selec- 
tion features for this operation are a deformity that makes intercourse severely compro- 
mised or impossible in the man who has minimal or no associated ED preoperatively. 
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2 1 Surgical Straightening With Tunica 


Incision and Grafting Technique 


Single Relaxing Incision 
Based on Geometrical Principles 


Paulo H. Egydio, MD, PhD 


SUMMARY 


This single geometrically determined incision is a standardized procedure that may 
beused for the correction of any penile curvature whether or not associated with tunical 
constriction regardless of plaque characteristics, resulting in maximum penile length 
gain. 

Key Words: Graft; induratio penis plastica; penile induration; Peyronie's disease; 
surgery; surgical technique; tissue engineering; tunica albuginea. 


INTRODUCTION 


Peyronie’s disease (PD) is characterized by the development of scar tissue in the 
tunica albuginea, making itless elastic and consequently causing penile bending (1). The 
principle goal for surgery is not removal of the plaque but of the penile deformity. W hen 
the penis bends, it becomes shorter, and the functional penile length is reduced. 

This can hinder sexual intercourse as it reduces the ability to penetrate— or facilitates 
the penis escaping from— the vagina during intercourse. A bent penis has a short and a 
long side. If an attempt is made to straighten it by shortening the longer (2-6) side, this 
may leave the patient dissatisfied with the final penile length. This reduction in length 
is proportional to the degree of curvature. 

The focus of surgical treatment should therefore be the restoration of the functional 
penile length. The alternative that offers the maximum gain in penile length is the elon- 
gation of the short side (7-12). 

Fibrous plaque excision gives rise to uncertain results because the plaque is not 
palpable in 30% of the cases (13) and may be multifocal (14), and changes in the tunica 
are diffuse and not restricted to the plaque itself (15,16). On the other hand, relaxing 
incisions can correct all types of curvature and may be applied whether or not the cases 
are associated with fibrous plaque. 


From: Current Clinical Urology: 
Peyronie’s Disease: A Guide to Clinical Management 
Edited by: L. A. Levine © Humana Press Inc., Totowa, NJ 


227 


228 Egydio 


A relaxing incision alone can correct all types of curvature, whether or not associated 
with a plaque or shaft constriction, by expansion. Besides, it produces a simpler tunical 
defect and consequently an easier grafting procedure. There are different types of relax- 
ing incision that have been suggested for each specific type of penile curvature whether 
or not associated with constriction (8,9), but there is no established standard procedure 
(17-19). Some surgeons even define the size of the tunical incision to be made based on 
the size of the available graft material that has already been chosen. In these cases, the 
surgery has not been based on the degree of penile curvature but on the size of the graft 
material available. 

The technique described here uses a single incomplete circumferential relaxing inci- 
sion forked at the ends by the precise application of geometrical principles (11,12) to 
determine the exact site for the incision in the tunica or plaque so that the shorter side 
shall be made as long as the longer side and to create a simpler defect in the tunica albu- 
ginea to make the grafting placement easier. In cases of erectile dysfunction (ED) that 
require penile prosthesis (20,21), the prosthesis can be implanted at the time of the geo- 
metrically determined straightening procedure. The size of the prosthesis will be com- 
patible with the longer side as it is the shorter side that is to be lengthened (12). 


PATIENT SELECTION 


The role of surgery in the management of PD is determined by the severity of curva- 
ture and the degree of the patient’ s disability to have sexual intercourse, and itis the treat- 
ment of choice for patients with moderate-to-severe penile curvature and stable disease. 
Stable disease is characterized by duration of the symptoms for at least 12 mo, without 
progression or regression of the plaque or deformity and without pain during erection 
or physical examination for at least 6 mo (22). 

The surgical treatment aims at correcting penile curvature that either precludes or 
makes intercourse difficult despite adequate erection, that is, full rigidity maintained up 
to ejaculation. Difficultintercourse is characterized by difficulty in penetration or the penis 
escaping from the vagina because of either penile shortening or instability. Penile instabil- 
ity makes penile bending easier at the point of curvature because of changes in the penile 
axis or penile constriction associated with reduced rigidity at this point. 


PREOPERATIVE ASSESSMENT 


M edical and sexual history, physical examination, pharmacologically induced erec- 
tion, combined with color duplex Doppler ultrasound are used to evaluate penile defor- 
mity and preoperative erectile status. 

The best candidate for penile grafting reconstruction is the one with normal spontane- 
ous erection sustained up to ejaculation and no relevant comorbid risk factors; corrob- 
oration by normal erectile response to pharmacologically induced erection, preferably 
together with normal duplex Doppler ultrasound, should be made. Normal pharmaco- 
testing in the physician's office means good erectile rigidity sustained for at least 10-15 
min, which means thereis normal veno-occlusion butnot necessarily normal arterial func- 
tion in up to 10% of patients (23). Color duplex Doppler ultrasound is the most informa- 
tive and least invasive means of evaluating vasculogenic ED. PD associated with ED 
should be evaluated for either veno-occlusive dysfunction or arteriogenic ED. 

Patients with mild ED but good hemodynamic penile workups (pharmacologically 
induced erection and Doppler ultrasound) with good response to oral medication are can- 
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Fig. LT he intersection of the tangential lines to the penile axis x-x' and y-y' determines the point of 
maximum curvatureP.A circumferential lineisdrawn from pointP in the bisectrix of theangleformed 
by the lines x-x' and y-y'. 


didates for penile grafting reconstruction. On the other hand, those with intractable ED that 
requires penile prosthesis may havethelatter implanted in combination with thestraighten- 
ing grafting procedure, with the size of the prosthesis compatible with the longer side of 
the penis. 

The penile deformity is recorded by dorsal and lateral photographs of full erection 
from which the angle of curvature is measured. 


SURGICAL TECHNIQUE: GEOMETRICAL PRINCIPLES 


The penis is degloved after a circumcision incision. One of the cavernous bodies is 
punctured using a 21-gage scalp needle. Full erection is achieved by saline injection. 
W hen necessary, both cavernous bodies may be punctured. M agnifying loupes (2.5<>) 
are used for better visualization. In cases of dorsal curvature, two lines tangential to the 
penile axis are drawn on the proximal and distal straight segments (x-x' and y-y', respec- 
tively) toward the area of curvature of the erect penis (Fig. 1). From the point of maximum 
curvature P situated at the intersection of the lines x-x' and y-y', a circumferential line 
is drawn to bisect the angle formed by these lines (Fig. 1). 

The point at which this circumferential line crosses the neurovascular bundle (NVB) 
in the dorsal region and the urethra in the ventral region determines the place at which 
these structures must be separated from the tunica albuginea. T hetransverseincision inthe 
tunica will be later made along this circumferential line. Then, the erection is reversed. 
Two paraurethral incisions (u-u') at the point where the circumferential line crosses the 
urethra are made to dissect B uck’s fascia and its NV B from the tunica around the com- 
plete circumference of the penisin all types of curvature, exceptat the level of the urethra 
(Fig. 2A ,B).A new erection is induced, and the circumferential line is drawn again, this 
timeonthetunicawherethecircular incision will be made (Fig. 2C). Thisincision is forked 
at the ends so that the defect created has a rectangular shape, which makes the grafting 
procedure easier (Fig. 3A). 
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Fig. 2. (A) Paraurethral incisions (u-u') in Buck's fascia. (B) Dissection of Buck's fascia and the 
neurovascular bundle from the tunica albuginea. (C) Drawing of the circumferential line at the point 
of maximum curvature. 


Fig. 3. Bifurcation of the transverse incision and the correspondent defects in the tunica albuginea in 
cases of dorsal and dorsolateral (A), ventral or ventrolateral (B), and lateral (C) curvatures. W , width 
of the defect; L, length of the defect; F and F' are the points from which the transversal incision is 
forked. 


The width W of the tunical defect should be the same as the difference betw een the 
long and the short sides of the penis. This measurement is calculated by the distance 
between any two complete circumferential lines perpendicular to the penile axis drawn 
on the straight penile segments (i.e., outside the area of curvature; before d-d' and after 
e-e') ( ). Thedifference W between d-eand d'-e'will bethesize of the defecton each 
side of the urethra in cases of dorsal curvature ( ). The length L of the defect is 
the distance between the ends of the forks round the circumference of the fully erect 
penis ( ). 
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Fig. 4. W is equal to the difference between the distance of the two points of the long side (d-e) of 
the penis minus the equivalent distance (d'-e') in the short side measured outside the curvature area 
(h = 90°). 


Fig. 5.G eometrical explanation to produceatripod-shaped bifurcation for amore stable structure and 
to produce simpler tunical defect. g, line that determines the position of the extremities of the intended 
forked incision on each side of the penis; W, width of the tunical defect; F, the point at which the 
bifurcation will begin to produce an angle of 120°. This is defined by measuring a quarter of W back 
from g along the circular line around the penis. 


First, itis necessary to establish a line on each side of the penis to determine the posi- 
tion of the extremities of the intended forked incision. This line must be positioned close 
and parallel to the urethra for cases of dorsal, dorsolateral, and lateral curvature and about 
0.5 cm from the dorsal grooveon each side and parallel to itfor cases of ventral or ventro- 
lateral curvature. Now, a distance equivalent to a quarter of W is measured back from 
this line along the circumference. This gives the position of points F and F' at which the 
bifurcation on each side will begin (Fig. 5). Thus, a simple defect is produced as stable 
as a tripod (Fig. 3A-C). 

Once the position of the circumferential line forked at the ends is determined, the inci- 
sion is made in the tunica albuginea, producing a rectangular defect of an already known 
size. The complete penile straightening is achieved by a5-mm incision in the intercaver- 
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Fig. 6. (A) Cutting of the intercavernous septum. (B) Septum cutting in cases of dorsal, dorsolateral, 
or lateral curvature. (C) Septum cutting in cases of ventral or ventrolateral curvature. 


nous septum on each side of its intersection with the transverse incision (Fig. 6). To 
facilitate the graft suturing, a5-mm dissection is made between the four edges of the defect 
and the respective adjacent cavernous bodies. The graft is sutured, and a new induced 
erection demonstrates the complete penile straightening (Fig. 7). 

In cases of ventral curvature, the technique is similar, with the following differences: 
the forking of the transverse incision is made in the dorsal region near the intercavernous 
septum and is maintained and not separated in this region (Figs. 3B and 8B). The urethra 
is dissected from its bed, and the graft is placed between the urethra and the cavernous 
body (Fig. 8C). A new erection is induced to demonstrate complete penile straightening 
(Fig. 8A,D). 

Dorsolateral curvatures with a larger dorsal component and ventrolateral curvatures 
with a greater ventral component are corrected using the same technique, respectively, 
as for dorsal or ventral curvatures. 

In cases of lateral curvature (Fig. 9A), the technique is similar with the following dif- 
ferences: to avoid a triangular defect that would make the grafting procedure more diffi- 
cult, a trapezoidal defect is created by adding an additional 0.5-1 cm (W') to the width 
W and on the opposite side. The length of the tunical defect L is measured in the same 
way as described for the other types of curvature (Fig. 3C). Thus, a defect of triangular 
shape is avoided, which would make the graft procedure more difficult (Fig. 9). 
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Fig. 7. (A) Preoperative dorsal curvature. (B) Final result after straightening and graft suturing. 


All the defects are covered with bovine pericardium trimmed to sizes 1-2 mm wider 
and longer than the respective defects because this extra margin is taken up by the poli- 
glecaprone 4.0 continuous suture. During this suturing, it is important to maintain the 
tunica on stretch. A new erection is induced to certify the penile straightening. The mean 
(SD, range) sizes of graft used were 2.6 (0.5, 1.7-4.1) cm for width by 7.6 (0.7, 5-10) 
cm for length. The increase in functional penile size was 3.1 + 1.4 cm (varying from 1 to 
7). Buck's fascia is not sutured again. A n aspirative drain is placed if necessary. The penile 
degloving is reversed, and the incision is closed. If necessary, the foreskin is removed. 
A light compressive dressing is recommended. 

For cases that present with floppy glans, the disassembly technique (24) may be applied 
for distal reconstruction (Fig. 10). 


CAVEATS TO THE SINGLE GEOMETRICAL INCISION 


e Theachievementof full erection is animportant step for the accurate application of geo- 

metrical principles and determination of the appropriate site for the tunica incision. V aso- 

active drugs with saline solution may be injected to facilitate full erection. 

The difference between the long and short sides that will define the width of the defect 

may be measured between any two points on the straight portions of the penis because 

it will always be the same. 

e To preventED, itis very important to ensure larger collaterals between dorsal arteries 
and cavernous arteries and to preserve at least one septal insertion. 

e During tunica-grafting suturing, itis important to maintain the tunica stretched as when 
erect for better fit of the graft. 
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Fig. 8 (A) Preoperative ventral curvature. (B) Graft sutured beside the intercavernous septum and in 
front of the neurovascular bundle. (C) Graft passing behind the urethra. (D) Final result of the penile 
straightening. 


e Septum incision on both edges of the transversal incision on the short side of the penis 
is fundamental for adequate lengthening of the short side and complete penile straight- 
ening; there is no association with higher incidence of ED. 

Thetraction of the penis after the final tunical and septal incision and tunical dissection from 
the spongy tissue of the cavernous body allows for complete penile straightening check- 
ing. If the NVB is restricting penile straightening, then its dissection may be extended. 
The bifurcations in the dorsal region for ventral curvatures should not cross the inter- 
cavernous septum to preserve it at this point. 

The graft is cut according to the measurements already made of the width W and length 
L but should be 1-2 mm wider and longer than the defect because the extra will be taken 
up by the suture. However, the graft should only be of this size where there is no like- 
lihood of the material used shrinking, in which case a percentage allowance for shrink- 
age should be added to the dimensions of the graft. 

The length of the defect should be measured with the penis erect and outside any con- 
stricted area. 
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Fig. 9. (A) Preoperative lateral curvature to the right side. (B) T rapezoid-shaped graft with the longer 
side at the right and the shorter side at the left. (C) Final result of penile straightening. 


Fig. 10. Floppy glans treated by applying a disassembly technique to expose distal shaft of the penis 
for distal reconstruction. In the middle shaft of the penis, a graft placement was done to treat dorsal 
curvature. 
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POSTOPERATIVE CARE AND PATIENT FOLLOW-UP 


W hen thesurgery is performed with sedation and local anesthesia and no drain or Foley 
catheter is used, the patient can be discharged on the same day. A light compressive dress- 
ing is recommended and should be maintained for 3 to 5 d. When spinal anesthesia is 
used, the Foley catheter and drain when used are withdrawn, and the patient is discharged 
on postoperative day 1. 

Itis recommended that the penis be keptin an upright position for 2-3 wk to help reduce 
swelling. Although the patient may have spontaneous erections, a 6-wk period of sexual 
abstinence is recommended. If the patientis not experiencing spontaneous erection within 
7-10 d after surgery, then a phosphodiesterase inhibitor is recommended to stimulate 
nocturnal or early morning erections. This is preferable to the application of a vacuum 
device. 

Itis recommended that in certain cases a phosphodiesterase inhibitor be used as an aid 
to sexual intercourse after 6 wk to achieve a better erection and avoid erectile problems 
caused by anxiety. Psychogenic dysfunction is common on the return to sexual activity 
but should be treated. Once the patient has regained confidence, the medication should 
be discontinued. 

It is very important to avoid penile trauma to prevent a new manifestation of PD at 
some other site in the tunica. It is recommended that the partner be checked regarding 
vaginal stenosis and problems with lubrication; partners should be treated accordingly 
and instructed on the avoidance of trauma. Rapid ejaculation should be treated. After a 
6-mo follow-up, alprostadil-induced erections are used to check penile straightening. 


OUTCOME 


Between April 1999 and July 2004, 192 patients with the following characteristics 
underwent surgery: preoperative normal erection sustained up to ejaculation; no relevant 
comorbid risk factors (such as diabetes mellitus, hypertension, coronary artery disease, 
peripheral vascular disease, alcoholism, smoking, and neurological or endocrine dis- 
orders); normal response to pharmacologically induced erection; and color duplex D op- 
pler ultrasound with peak systolic velocity above 40 cm/s and end diastolic velocity under 
3 cm/s in both cavernous arteries during the 10-20 min of evaluation after an induced 
erection. The mean age for this group was 52 (22-72) yr. Penile deformities were dis- 
tributed among dorsal (47%), dorsolateral (30%), lateral (12% ), ventral (6%), and ventro- 
lateral (5%). No infection, retraction, or rejection of the graft occurred. In 15.6% (30/192) 
of the patients with PD associated with penile shaft constriction at the site of the curva- 
ture, the technique corrected both deformities. The cases with greatest curvature showed 
the biggest gain in penile length. 

Prostaglandin-induced erection in the follow-up revealed penile straightening in 88% 
of patients (169 of 192) and residual curvature of up to 15° in 11% (21 of 192) and of 
up to 30° (which does not hinder penile functioning for sexual intercourse) in 1% (2 of 
192). The gain in functional penile size was maintained in patients whose penile straight- 
ening was maintained and reduced by up to 0.5 cm in those who developed curvature 
postoperatively. 

T he preoperative erection status was maintained in this selected group of patients who 
during the follow-up period of 28.5 + 11.3 mo (6-63 mo) had resumed continuous satis- 
factory sexual activity. 
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Fig. 1L (A) Preoperative dorsal curvature. (B) and (C) Immediate postoperative: left and right graft 
view. (C) Graft-grafting suturing with 4.0 poliglecaprone continuous suture. (D) Bulge at 5-mo 
follow-up. 


Fig. 12 (A- D) Further surgery. (A) O pened graftto graft suture. (B) Removed graft. (C) A fter induced 
erection, left without graft. (D) A fter penile regloving. 


COMPLICATIONS 
Inonecaseat 2-mo follow-up, the patient had developed a small bulge, which increased 
in size over the follow-up period, on the site of the graft ( ). 


This patient had further surgery after 5 mo, and agraft-to-graft suture was found to have 
opened with a consequent hematoma. The original graft was removed, and erection was 
induced to test for leakage. As no leakage was seen, the patient was maintained without 
the graft ( 2). There are two lessons to be learned from this complication. First, the 
graft-to-graft suturing must be done with nonabsorbable suture. Second, for the purpose 
of research the graft should allow delayed reabsorption. 


SUMMARY OF THE BENEFITS WITH COMMENTS 


The technique presented here is based on along circumferential incision forked at the 
ends in the tunica albuginea or plaque, irrespective of the characteristics and location of 
the plaque ( 5,26). It may be used to correct all types of curvature, whether or not 
associated with constriction. 
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The dissection of Buck's fascia and the NV B was standardized for all cases by means 
of two paraurethral incisions. Usually, at this level the circumflex veins may be cauterized 
because of their small caliber, which results in a reduced number of ligatures. The dorsal 
dissection may be limited to the area of curvature or extended in cases in which it is 
restricting complete penile straightening. 

The extended circumferential incision makes it possible to break all the lines of force, 
allowing curvature correction on more than one plane (dorsolateral or ventrolateral) at 
the same time. 

For lateral curvatures, the correction based on arectangular tunical defectwould require 
the cutting of the intercavernous septum in both dorsal and ventral regions. As the risk 
of ED produced by the incisions is unknown (27), atrapezoid-shaped defectis preferred 
so one of the intercavernous septum insertion points is preserved. 

T ripod-shaped forkings of 120° produce a simpler configuration of the tunical defect, 
resulting in geometrically shaped grafts that can be easily sutured. These forkings also 
permit the relaxation of constricted areas of the tunica and the correction of associated 
constrictive lesions. 

W hen geometrical principles and induced erection are used, the size of the defectin the 
tunica albuginea can be calculated before the incision is made, and this makes the pre- 
Operative preparation of the graft possible. In the future, with the development of tissue 
engineering, this measurement may be made in the office after intracavernous injection 
creating of afull erection, and it will be possible to calculate the size of the graft needed. 

As the majority of patients have penile curvature at only one site, only one incision 
and graft are necessary. If there are two significant curvatures at different points of the 
penis, then two grafts should be prepared as described. Complementary plication that not 
only damages the healthy side but also leads to penile shortening should be avoided. 

The present technique opens the way for the standardization of asingle tunical incision 
procedure, reproducible in multicenter studies, and may lead to a more objective under- 
standing of the advantages and disadvantages of the different types of graft material (28-30). 


CONCLUSIONS 


This single geometrically determined incision is a standardized procedure that may be 
used for correction of any penile curvature whether or not associated with tunical con- 
striction at the same site regardless of plaque characteristics, resulting in maximum penile 
length gain. 
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Incision of Peyronie’s Plaque 


Anthony J. Bella, MD, FRCSC 
and Gerald B. Brock, MD, FRCSS 


SUMMARY 


Surgical management of Peyronie’s disease remains an area of evolving technique. 
Although few surgeons agree on the optimal procedure, most are comfortable with the 
conceptthat the chosen procedure should be as minimally invasive as possible and restore 
shape and function with the lowest risk to the individual. Currently, there exists no best 
procedure able to accomplish all of these ideal end points. M ost surgeons experienced 
in management of Peyronie's disease utilize a wide range of procedures, from plica- 
tions to incisions and excisional techniques with grafts obtained from either autologous 
or exogenous sources. In this chapter, we report on our experience with an intracorporal 
incisional technique directed at men with small, discrete, dorsally located penile plaques. 
The ability for us to incise the scar from the interior of the corpora reduces pain and 
limits the need for us to widely mobilize the neurovascular bundle in these men. 


Key Words: |ntracorporal repair; minimally invasive incisional Peyronie's repair; 
Peyronie's disease. 


INTRODUCTION 


Over the past decade, greater understanding of the pathogenesis of Peyronie’ s disease 
(PD) has occurred. Innovative studies attempting to link the development of this condi- 
tion with certain human lymphocyte antigen (HLA) subtypes and other states of altered 
wound healing hold the promise of novel therapeutic approaches in thefuture. Currently, 
however, no effective medical therapy exists that reliably “cures” the penile deformity 
of PD. In the context of this reality, failure of conservative or nonsurgical treatment of PD 
often necessitates surgical intervention when intercourse is made difficult by the penile 
deformity and the disease has been present for at least 12 mo. A cceptable surgical candi- 
dates should have stable curvature and plaque size for at least 6 mo, a preoperative assess- 
ment of erectile function, and clear understanding of treatment options and objectives (1). 

The ideal surgical approach for a patient with PD would correct penile curvature, main- 
tain erectile function, and cause minimal morbidity with rapid postoperative patient 
recovery (Table 1). Unfortunately, contemporary surgical approaches, including penile 
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Table 1 
Characteristics of the Ideal 
Surgical Repair of Peyronie’s Disease 


Correction of curvature 

Preservation of rigidity, length, and width 
Minimally invasive with few complications 
Rapid recovery 


Table 2 
Limitations of Current Surgical Approaches 

Tunical plication Plaque incision and grafting 
Plaque progression Penile pain with tumescence 
Penile shortening Induration at base of penis 
Palpable nodules Penile shaft numbness 
Recurrence (absorbable suture material) Impaired veno-occlusive mechanism 
Ruptured suture material Diminished rigidity during erection 

Table 3 


Goals of Minimally Invasive Peyronie’s Repair 


Preserve dorsal neural and vascular structures 
Minimize risk of sensory loss postcorrection 
Preserve rigidity by preserving tunica 
Eliminate use of graft 

Shorten operative time 

Minimize complications 

Shorten recovery period 


Table 4 
Advantages of Minimally 
Invasive Intracorporal Plaque Incision 


Small tunical incision 

Limited neurovascular dissection 
Preservation of tunical integrity 

Correction under visual monitoring possible 
Minimal risk of sensory loss 

Eliminate use of graft 

Shorter recovery period 


shortening (Nesbit and plication), incision or excision of the plaque with grafting, and 
penile prosthesis implantation supplemented with remodeling, carry an inherent risk of 
side effects, including postoperative erectile dysfunction, penile length and girth loss, 
and sensory deficits (Table 2) (2,3). 

Until better understanding of the molecular biology of PD allows for the development 
of novel nonsurgical therapies, surgical techniques that minimize corporal disruption may 
offer the patient effective, better tolerated treatment options (Table 3). In this chapter, 
a novel minimally invasive intracorporal plaque incision technique is described. This 
surgical option is suitable for patients with discrete plaques less than 2 cm in size and 
has resulted in good correction of curvature, minimal difficulties with erectile function, 
and high patient-reported satisfaction at a median follow-up of 25 mo (Table 4) (4). 
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Fig. L Preoperative saline erection. 
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Fig. 2. The 5-mm lateral corporotomy. 


OPERATIVE TECHNIQUE 


Preoperative surgical planning for this dorsally located plaque is confirmed using an 
initial saline erection (Fig. 1). A standard, subcoronal circumferential skin incision is 
made, and the skin is mobilized to the base of the penis. A limited mobilization of the 
neurovascular bundle is performed, freeing asmall 1- to 2-cm span overlying the pal- 
pable Peyronie’s plaque. Minimizing dissection decreases the possibility of incurring 
neurovascular injury. A 5-mm corporotomy is made laterally at the level of the plaque, 
allowing access for the triangular blade (Fig. 2). Prior to doing so, bluntscissors are used 
for blunt subtunical dissection medially toward the plaque (Fig. 3). This allows for atrau- 
matic introduction of the 5-mm triangular blade along the wall of the tunica to the level 
of the plaque (Fig. 4). The plaque is then incised from within the corpora as the elevated 


244 Bella and Brock 


"iie owe 


Fig. 3. Subtunical dissection medially toward palpable plaque. 


neurovascular bundle allows placement of an index finger on the plaque at the exterior 
of the corpora (Fig. 5). 

In this manner, controlled incisions are made at multiple levels of the plaque while 
palpating from the exterior. These incisions are not made through the full thickness of 
the tunica, leaving the outer layer intact. Saline erection is performed to confirm correc- 
tion and determine if further plaque incision is needed (Fig. 6). A limited, single pair of 
ventrally placed tunical incisions may be required in select cases to maintain the plaque 
in an open position (Fig. 7). Disruption of the plaque minimizes or eliminates the need 
for placement of plication sutures, thereby minimizing penileshortening. If required, the 
small lateral corporotomies are closed with 2-0 absorbable monofilament sutures. B uck’ s 
fascia is reapproximated, and the skin incision is closed with chromic gut suture. A sterile 
dressing and compressive wrap are applied. Patients are discharged either the same day 
or the following morning and are instructed to return for dressing removal after 5-7 d. 


RESULTS 


The initial results of this technique with 23 patients and a median follow-up of 25 mo 
have been promising. The median curvature treated was 60° (range 30-90°), with 21 
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Fig. 4 Intracorporeal plaque incision using 5-mm triangular blade. 


Fig. 5. Endoscopic view of plaque disruption: (A) incision of plaque; (B) disrupted plaque. 


patients having dorsally located plaques. Curvature correction, considered to be residual 
penile curvature less than 10° degrees, was successful in 21 of 23 patients. Results from 
a standardized telephone survey (91% response rate) showed rigidity of erections suf- 
ficient for intercourse in 80% of men, with additional erectogenic therapy (sildenafil) 
required by 5 patients. Eighty-five percent of patients were either satisfied or very satis- 
fied with their surgical outcome at 2-yr follow-up (4). Limitations of the minimally inva- 
sive Peyronie’s repair are given in Table 5. 


COMPLICATIONS 


Penileshortening was reported by the majority of patients (85%) but did not adversely 
affect overall erectile function. A tclinical follow-up, all buttwo patients reported correc- 
tion of curvature. One patient achieved only 50% correction but had regained functional 
ability to resume sexual intercourse. A fter initial correction of a 60° dorsal curvature, 
a second patient had a recurrence after 3 mo with a left-sided curvature. A single patient 
has also reported partial glans hypoesthesia (4). 


246 Bella and Brock 


Fig. 7.A singlepair of plication sutures may beutilized to keep theincised plaquein an open position. 


Table 5 


Limitations of Minimally Invasive Peyronie’s Repair 


Limited single-center experience with 2-yr follow-up 

Select patients: inappropriate for extensive or complex curvatures 
M ay require opposite-side plication 

Risk of neurovascular injury 
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CONCLUSIONS 


Minimally invasive approaches to Peyronie’ s repair such as the intracorporal incision 
technique represent new alternatives for men considering surgical correction of their 
disease. Correction of curvature, maintenance of erectile function, and high patient- 
reported satisfaction coupled with alow incidence of complications and shortened oper- 
ative and recovery times support intracorporal incision as a primary treatment option. 
As this technique is limited to discrete plaques measuring less than 2 cm, we continue 
to utilize grafting techniques when there is an extensive plaque, an hourglass deformity, 
or a complex curvature. 
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23 Surgical Straightening With Penile Prosthesis 


Steven K. Wilson, mD and Culley C. Carson, II, MD 


SUMMARY 


Peyronie’s disease (PD) is an incurable, chronic condition producing scarring fibro- 
sis of the tunica albuginea and is associated with penile deformity and erectile dysfunc- 
tion. Although men afflicted with PD usually havea number of treatment options, those 
who also present with erectile dysfunction (ED) arising from it are not easily treated. 
Surgical straightening procedures that have been used to treat PD may not restore 
erectile function, and failure to straighten the penis with corrective surgery may be the 
result of erectile inadequacy during the postoperative period. For those men with PD 
and associated ED, penile prosthesis implantation will provide penile rigidity and 
straightening. T his chapter discusses penile prosthesis implantation as a surgical option 
for patients with PD, placing emphasis on the choice of devices and surgical tech- 
niques. Implant choices are critical in the success of these procedures, and modeling 
to attain maximum straightening is the preferred method for correcting penile defor- 
mity after prosthesis implantation. N ewer techniques hold the promise of high success 
rates and low morbidity. 


Key Words: Erectile dysfunction; penile implant; penile modeling; penile prosthe- 
sis; Peyronie’s disease. 


Peyronie's disease (PD ) isan incurable, benign condition characterized by the forma- 
tion of fibrotic plaques in the tunica albuginea of the corpora cavernosa. The French 
physician Francois Gigot dela Peyronie described a series of five patients with “plastic 
penile deformity” in 1743 (1). Dela Peyronie suggested the etiology might be chronic 
irritation from sexual activity or inflammatory sexually transmitted disease and that 
treatment was bathing in the waters of Barége in southern France. 

Although the etiology of this condition has yet to be elucidated, as men age, the elas- 
ticity of the tunica albuginea is decreased, and repeated trauma may cause traumatic sepa- 
ration of the tunical layers and stimulate a healing cascade, resulting in a scar tissue plaque. 
As scar replaces or is deposited in the elastic tunica, penile compliance is impaired, and a 
shortened, curved, or tethered erection is noted. The scar tissue may become so prominent 
that it has been proposed to inhibit blood flow distal to the area of fibrosis, resulting in the 
complaint of proximal rigidity with distal flaccidity. This rigidity of the tunica albuginea 
may also impair the veno-occlusive mechanism, resulting in veno-occlusive dysfunction 
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or venous leak erectile dysfunction (ED). Thus, the association of ED and PD is a com- 
mon condition (2). 

Over the ensuing 262 yr since description of the condition, hundreds of treatments, 
including oral medications, injections, external treatments, and various surgical proce- 
dures, have been suggested. A s can be appreciated from other chapters in this book, there 
is no specific nonsurgical therapy that has been unequivocally successful for this con- 
dition. Indeed, medical treatment of PD has been disappointing (3). Since the introduc- 
tion of sildenafil citrate in 1998, the treatment of PD has been revolutionized. Prior to 
sildenafil’s release, soft curved erections could only be treated with penile prosthesis 
implantation. W ith the facilitation of erection with phosphodiesterase 5 inhibitors, many 
patients and partners are able to tolerate the curvature and resume coital function. In 
addition, surgical straightening complicated by the development of ED required treat- 
ment with injection or vacuum constriction therapy. Patients now with ED as a result of 
a penile straightening procedure can be successfully treated by supplementing their erec- 
tions with oral therapy (4). 

The initial article describing penile modeling over an inflatable penile prosthesis as 
a treatment for Peyronie’s deformities in patients with associated ED was published in 
1994 (5). Since that publication, penile modeling has achieved widespread acceptance 
as a first-line therapy for patients with PD and ED. 


CANDIDATES FOR SURGICAL CORRECTION 
OF PEYRONIE’S DISEASE 


PD has two phases: The early inflammatory phase is characterized by penile pain on 
erection, progressive curvature or hourglass deformity of the erect penis, and palpable 
plaque formation. A fter 12-18 mo, a chronic phase begins. The patient has a stable, pain- 
less plaque that may occasionally be calcified. This fibrotic thickening of the tunica 
albuginea prohibits expansion and is manifest as shortening of the affected side on tume- 
scence as the noncompliant tunica fails to stretch with erection. 

Clinical expression results in various appearances. The penis may be curved to oneside, 
dorsal or ventral. The penis may appear to have undergone torsion. T he penis may have 
areas of restricted girth or an hourglass deformity when erect. M any complain of flail 
penis or hinging— tumescence at the base but distal flaccidity that make penetration 
difficult. Of the plaques, 70% are dorsal, making upward deflection the most common 
presentation (3). The less-frequent downward deflections and lateral bending are more 
likely to interfere with sexual intercourse and are more likely to precipitate physician 
consultation. Some men exhibit all the manifestations and present with a shortened, cork- 
screw, flail penis or even profound ED. 

Surgery mustbedirected at correction of thestable deformity after the acute inflamma- 
tion has resolved. Several criteria have been established as guidelines for considering 
surgical intervention (6). The disease should be past the acute inflammatory stage as 
indicated by lack of pain on erection and stability of the degree of impaired erection. The 
progression of penile curvature and associated ED should have been stable for at least 
3 mo. Because nonsurgical therapy has such a poor track record of effectiveness, trial 
of conservative therapy may only allow plaque maturation before surgical intervention. 
Trials of oral or injectable medications while resolution of the inflammatory phase con- 
tinues often give the patient an opportunity to pursue resolution actively and increase 
motivation for a surgical solution. Difficulty with intercourse must be well documented 
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in the clinical record. Some urologists believe surgery for PD for a palpable induration 
or curvature without functional sexual limitation is meddlesome (2). 

Once the disease is fully stable, the surgical management consists of either correction 
of the penile deformity or insertion of a penile prosthesis in those patients who have 
concomitant ED. The method of correction of the penile deformity in sexually function- 
ing patients is controversial. Surgical correction without prosthesis implantation can be 
broken into two categories with numerous technical variations contained within each 
group (6,7). The first category includes operations that shorten the long side by plicating 
or removing tunical tissue— variations of the Nesbit procedure originally described for 
congenital curvature of the penis. The second type of corrective surgery lengthens the 
short side and includes variations of the H orton-D evine operation. These procedures are 
accomplished by incision/excision of the plaque with grafting. 

Patients undergoing corrective surgery without prosthesis placement must be aware 
of therisk to their erectile function with any of these procedures (6,8). Some patients will 
havethe deformity corrected but then need pharmacological therapy to maintain an erec- 
tion. If the resulting ED is severe enough, then they may require a secondary placement 
of apenileimplant. B ecause 70% of Peyronie’s plaques are dorsal, many corrective sur- 
geries require elevation of the dorsal neurovascular bundle and can result in glanular 
hypoesthesia or anesthesia (6). Although loss of glansular sensation is rare, ED and penile 
shortening are fairly common with these operations and may be caused by the surgery 
or by the shortening inherent in PD (8). 

Itis difficult to assess the medical literature and quantify the association of ED and PD. 
The distinction between whether the ED is caused by lack of tumescence (proximal or 
distal flaccidity) or whether the dysfunction is purely a functional inability to perform 
because of the curvature is not clearly elucidated. ED in PD may be linked with associ- 
ated, independent vascular risk factors because the average age of patients with this con- 
dition isover 50 yr. Others havesuggested thatthe noncompliantfibrotic tunicaalbuginea 
predisposes to veno-occlusive disease by reduced venous occlusion (2). Thus, the older 
the patient afflicted with this condition, the more likely heisto reportsignificant erectile 
problems (9). 

Inpatients with PD with associated ED, the curvature is corrected by prosthesis implan- 
tation with or without modeling. In a distinct minority of these patients, additional cor- 
poroplasty with plaque incision/excision and possible grafting may be necessary if the 
implanted cylinders and modeling are not sufficient (10). Other chapters in this book 
outline surgical therapy without prosthesis implantation; the remainder of this chapter 
focuses on the appropriate use of penile implant surgery in the treatment of PD. 


PROSTHESIS PLACEMENT IN PEYRONIE’S DISEASE 


M en with both ED and PD should be considered candidates for prosthesis placement. 
Curvature with penile flaccidity distal to the plaque resulting in flail penis and erection 
with decreased duration from veno-occlusive dysfunction are frequent presenting com- 
plaints (11). Because surgical intervention without prosthesis placement can result in 
penile shortening and subsequent E D, the pool of candidates for prosthesis implantation 
can be expanded to include men with a short penis and partial erections. A II patients with 
PD who areolder than 50 yr, especially those with vascular comorbidities, are counseled 
to consider penile prosthesis. M any of these older men demonstrate poor axial rigidity 
distal to the plaque after a penile injection of vasoactive agents. 
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In addition, penile duplex D oppler studies may demonstrate nonsymptomatic impair- 
ment of penile blood flow (arterial or venous) in these older subjects (11). Doppler studies 
should include adequate vasoactive agent injection and photographic documentation of 
penile deformity to assist in planning of surgical correction. Patient photographs may 
also be helpful in preoperative patient counseling. Although these studies are most help- 
ful for nonprosthetic correction, they can be useful when placing a penile implant with 
modeling or plaque incision. 


SEMIRIGID, MALLEABLE, AND MECHANICAL IMPLANTS 


Physicians have long recognized that the simple placement of a pair of intracorporal 
rods is usually enough to straighten the curvature of most patients with PD without the 
need for adjunctive straightening maneuvers. M any different styles of semirigid or mal- 
leable prosthetic devices have been successfully used for men with PD, including soft 
silicone rods without embedded wires (12,13). The surgery is not difficult because the 
Peyronie’s plaques are subtunical and usually do not compromise the corporal space. 

Prosthetic girth is an important factor in correction of the curvature. It is important 
to dilate large enough to insert a 13-mm (for malleable) or 12-mm (for mechanical Dura 
I) prosthesis (A merican M edical Systems, Minnetonka, MN). The additional girth when 
compared with smaller diameter models helps overcome the deformity because girth 
(i.e., axial rigidity), not length, is believed to be the most important contributing factor to 
penile rigidity and successful intromission (13). Proper sizing of the length of rods is 
imperative in a patient with PD. Despite the apparent shortening of one side of the penis 
because of the disease process, the operating surgeon should always endeavor to place 
rods of the same length. If there is any question of length, slightly shorter rods should be 
used. Indeed, downsizing rod implants 0.5-1 cm in patients without PD improves com- 
fort and concealment without compromising glans support (14). 

After implantation of intracorporal rods, it is necessary to judge the straightening 
and assess possible glansular deviation and support. Ghanem et al. reported that 35% of 
patients were not satisfied with the degree of straightening after simple rod implantation 
with a variety of different models (Duraphase, M entor Accuform, M entor Corp., Santa 
Barbara, CA; AMS 650, American M edical Systems, Minnetonka, MN) (15). M ontorsi 
et al. reported poor patient and partner satisfaction with PD and semirigid rod implants 
(16). More than 60 mo after surgery, 48 men and 29 partners were interviewed. Only 
48% of patients and 40% of partners were satisfied with the results. Of these, 52% of 
patients and 60% of partners complained of poor length or girth. 

Review of the medical literature indicated that 19-42% of patients with PD will require 
adjunctive straightening procedures after simple rod implantation (12,14-16). If the 
deformity persists after insertion of the rod cylinders, itis easy to overcome by making 
transverse relaxing incisions in the tunica albuginea on the short side of the penis with elec- 
trocautery (17). This results in lengthening of the concave portion and resultant strai ght- 
ening. It is not necessary to close the tunical defects when inserting a semirigid device; 
infact, the open tunica albuginea adds the required length to the short side to accomplish 
the desired straightening. 

Use of the subcoronal incision for placement of malleable or mechanical prostheses 
in PD has an advantage over the traditional penoscrotal approach (18). This incision will 
facilitate degloving of the penis if additional straightening by relaxing incision of the short 
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side is needed. The subcoronal incision is only useful in circumcised men or uncircum- 
cised men who consent to concomitant circumcision in conjunction with the implanta- 
tion. Preputial edema and eventually phimosis or paraphimosis frequently results from 
use of the subcoronal approach and failure to circumcise. If circumcision is not desired, 
then a longitudinal ventral penile incision is an effective substitute and does not require 
removal of the foreskin (14). 


TWO-PIECE INFLATABLE PROSTHESIS 


There aretwo published reports on the useof two-piece penileprosthesesin Peyronie’ s 
patients. In the first, Levine and Dimitriou described a surgical algorithm for prosthesis 
placementin 46 men with PD for whom several different devices were used. T heA mbicor 
was employed in 17 men; successful straightening was noted in all men with curvature 
less than or equal to 60°. There were no mechanical failures or infections during amean 
follow-up of 39 mo (range 1-74 mo) (10). In a second series, the mechanical reliability 
and safety of the A mbicor device was examined in 131 men with ED, of whom 20 also had 
PD. In this series, successful straightening was noted in the entire group. There were no 
mechanical failures ata mean follow-up of 43 mo (19). Wehaveonly anecdotal experience 
with the Ambicor prosthesis in correction of curvature in patients with PD and ED. 

The Hydroflex and Dynaflex implants are historical prostheses no longer marketed 
that are earlier models of the A mbicor cylinders. These implants performed similar to rods 
and provided good axial rigidity with proper girth sizing. The cylinders, even if sized 
properly in girth, do not have the same intrinsic rigidity as semirigid rods and were not 
as reliable in straightening an erection without additional corporoplasty as rods or the 
three-piece inflatable implants. If adjunctive relaxing incisions are needed to finish 
straightening, itisnotnecessary to cover the gaps because the implant has a girth restric- 
tion and should not aneurysm through the opened tunica (20). One problem with the 
predecessor cylinders of the A mbicor is that the devices acted as tissue expanders with 
consequent erection deterioration. This required the subsequent substitution of longer 
cylinders of a three-piece device in 2-3 yr irrespective of the preoperative presence of 
PD (20,21). Levine and associates have not reported this complication despite the simi- 
larity of the cylinder construction (19). 


INFLATABLE PENILE PROSTHESIS 
AND THE MODELING PROCEDURE 


One of the original inventors of the AMS inflatable penile prosthesis conceived the 
modeling procedure early in the development of inflatable implants (22). Dr. Brantley 
Scott had noted orthopedic surgeons modeling broken bones over metal rods and pos- 
tulated that the concept might be useful in correction of PD deformities. Unfortunately, 
during Dr. Scott's active clinical years, the available cylinders had no fabric insert and 
were only one layer of puresilicone. Thelimitless distensibility of the single-layer cylin- 
der construction did not provide enough rigidity against deformation to act as afulcrum 
to disrupt the plaque. Carson et al. in 1983 reported the use of these devices for PD and 
like K noll’s reportin 1985, over half the patients required relaxing incisions often with 
reinforcement using Gore-Tex or other synthetic grafting (23). 

Inthe late 1980s, the partially nondistensible and controlled expansion (CX ) cylinders 
replaced the original Scott (A M S 742a) cylinder. The new cylinders consisted of a three- 
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layer construction with a woven polyurethane fabric (similar to Dacron or Lycra) sand- 
wiched between two siliconelayers. This minimally elastic fabric prevented aneurysmal 
dilatation when the cylinder was bent or encountered weakened tunica. In addition, 
M entor introduced acompetitive three-piece implant with cylinders constructed of a tough 
plastic similar to polyurethane called Bioflex. W hile Scott conceptualized the modeling 
procedure, Wilson and Delk began developing the technique in 1987 and reported the 
first large series in 1993 using both AMS and Mentor cylinders (5). 

Ten years after the first report, the modeling procedure for treatment of PD has achieved 
worldwide acceptance. M odeling has been successfully reported with A M S 700 CX, but 
the AMS 700 Ultrex has had limited success because of the enhanced distensibility of 
its cylinders (5,17,24). In a textbook chapter, Ralph and Pryor wrote, “Operative model- 
ing of the penis over prosthesis may look and sound horrible, but gives a good result in 
any deformity” (2). 


THREE-PIECE IMPLANTS 


AMS CX,CXR, or CXM cylinders of equal length are placed, and the corporotomy 
is closed with interrupted sutures. Alternately, M entor A Ipha l or M entor Titan cylinders 
can be placed in a similar fashion. All these cylinders do not expand in length. M entor 
Alpha NB, Mentor Titan NB, and AMS Ultrex are not recommended. The downsized 
M entor cylinder tends to aneurysm through the suddenly open corporotomy if the cor- 
porotomy closure ruptures during modeling. The AM S Ultrex, because itis a lengthening 
cylinder, tends to exaggerate the curvature and does not generate enough axial rigidity if 
modeling is needed to overcome the curve without additional tunical incisions. M ontague 
etal. reported additional corporoplasty was necessary in 26% of patients with PD under- 
going the modeling procedure if Ultrex cylinders were implanted compared with none 
of the patients implanted with CX cylinders (24). A long with Fishman, we have had sim- 
ilar poor experiences using U Itrex cylinders for modeling patients with PD (25,26). 

Cylinder size is determined from intracorporal measurement. R ear tip extenders are 
usually used. Because PD tends to shorten the penis, the corporal measurements may dif- 
fer by 1-2 cm. When thereis confusion about the measurements, itis best to use a shorter 
rather than a longer measurement. It is important, if possible, to place cylinders and rear 
tip extenders of equal length on both sides to optimize the postoperative appearance. It 
is not necessary to exit the input tubing from the corpora deep in the scrotum. In fact, 
the smaller the corporotomy, the less chance it will rupture during modeling. Thus, the 
tubing is routinely routed along the cylinder for a short distance before exiting from the 
corporotomy. It is important to use interrupted closure of the corporotomy because a 
running closure is more likely to rupture during modeling, and the rupture of a running 
closure results in frayed tunical edges that are difficult to reclose adequately. 

The pump is connected to the filled reservoir or a syringe and maximum inflation of 
the cylinders is achieved. M aximally inflating correct size three-piece cylinders as a tis- 
sue expander will straighten the Peyronie's deformity in more than 50% of cases (Fig. 1). 
Theintrinsic rigidity of these nondistally expanding cylinders will frequently straighten 
the curve without modeling or any adjunctive procedures. If the curvature is less than 
20 or 30°, the surgeon can count on the implant straightening further over the next year of 
use, and the patient will achieve a straight penis. Similarly, hourglass deformities become 
symmetrical with use as the cylinders stretch the fibrotic tissue. If significant curvature 
persists, then the technique of modeling may be employed. 


Fig. 2. Modeling technique for penile curvature correction. 
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THE MODELING PROCEDURE: STEP BY STEP 


A fter closure of the corporotomy incision, the cylinder input tubing is cross-clamped 
with rubber-shod clamps to protect the pump from high pressures during modeling. 
Another safety maneuver is to protect the sutured corporotomies by placing the thumb on 
onecorporotomy and thefirsttwo fingers on the other. This maneuver supports the closure 
and minimizes suture breakage during forcible inflation and vigorous modeling. 

The penis is bent in a direction opposite the curvature in a maneuver similar to break- 
ing atwig in both hands (Fig. 2). Forcible bending pressure is held for 90 s. A fter 90 s, 
the clamps are removed, and additional fluid can be added to the cylinders. This is pos- 
sible because the restricted corporal space has been expanded. The clamps are then reap- 
plied, corporotomies protected, and the modeling procedure repeated for another 90 s. 
Theintervals of 90 sare arbitrary but have been successful in the majority of cases. Using 
afixed amount of time reinforces the principal that persistent bending rather than a quick 
fracture of the plaque is necessary to achieve straightening. M odeling probably results in 
splitting and rupturing of the fibrotic plaques. The operating surgeon can often hear snap- 
ping or feel movement of the cylinders as previous nonpliant tunica is expanded. 

Two modeling sessions are all that are usually necessary. The cylinders are deflated 
completely after the second session and reinflate to only about 75%. M aximum inflation 
is needed for correcting the curvature, but patients rarely pump to the maximum during 
intercourse. Straightening of the penis should be judged at 75%, not maximal, inflation. 
If theresultant erection has less than a20- 30° curvature or wasp waisting, then these defor- 
mities will usually correct themselves with regular prosthesis usage over the next year 
(27). Patients may be counseled to inflate and model at home if they complain of residual 
deformity. A fter prosthesis implantation, itis important to inform the patient prior to dis- 
charge that the penis may be curved when flaccid but will be straighter when erect. The rea- 
son is that the cylinders seem to act as a stent in flaccidity, curving the penis to the short side. 

During early modeling experience, modeling was occasionally not sufficient to achieve 
satisfactory results. The original publication reported 8% of patients required additional 
corporoplasties (5). In these patients, the penis was degloved, and multiple small relax- 
ing incisions were made on the concave side of the erect penis. O pening of the transverse 
incision resulted in lengthening along the short side of the curvature and additional 
straightening. 

Tunical incisions after prosthesis insertion are best accomplished with electrocautery 
because sharp incision may result in damage to the cylinders. The current should be set 
less than 35 W because M entor cylinders can be damaged with higher settings (28). 

Tunical defects greater than 2 cm in axial length are recommended to be closed with 
agraft(10).Itwasoncerecommendedthattheincisions could beleft open, the prosthesis 
left partially inflated for 2 mo, and the gaps would granulate in (23). M ost of these gaps 
encouraged aneurysmal bulging of the cylinder, particularly with the M entor models. 
The CX should be less likely to require a graft because its fabric wrap controls its girth 
expansion and prevents bulging out the defect, but we have seen this cylinder protrude 
out the defect, particularly if the defect is greater than 2 cm in any dimension. M any 
patients will complain of the feeling of the defect if a graft is not employed (29). Graft 
materials can include Gore-Tex, Dacron, or autologous grafts such as dermis, small 
intestine submucosa, or cadaveric pericardium (30). 

Excessive compliance, as with tunica vaginalis grafts, may not adequately support the 
inflatable cylinders. Hakim and associates have reported less than full-thickness relaxing 
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incisions facilitated by the diathermy with resultant straightening in PD without neces- 
sity of grafting (28). 


COMPLICATIONS OF THE MODELING PROCEDURE 


After 10 yr of use of the modeling procedure on hundreds of patients, the rate of ure- 
thral laceration attributable to modeling remains at 4%. The laceration always occurs near 
the meatus and is heralded by blood at the meatus. Visual confirmation of the laceration 
is obtained by spreading the meatus after noting blood on the Foley catheter or glans 
penis. If blood is seen at the meatus and no erosion is visualized externally, then flexible 
cystoscopy may assist in the diagnosis. On several occasions, urethral laceration has 
occurred by modeling on the first postoperative visit. If urethral laceration occurs, then 
itis possible to remove only the offending cylinder. The remainder of the prosthesis 
remains in situ, and the tubing leading to the removed cylinder is plugged. A Foley 
catheter is leftin place for 48 h. Itis not necessary to close the fossa navicularis defect. At 
8 wk, the cylinder may be replaced. Some patients may be satisfied with a one-cylinder 
erection, particularly when the M entor cylinder was employed. 

Intheinitial report, 8% of the patients required additional corporoplasties(5).A study 
published in 2001, however, showed no subsequent patients needing adjunctive maneu- 
vers for straightening except modeling (27). Reviewing the early cases showed several 
reasons for the additional corporoplasties. W hen the U Itrex cylinders were used, there was 
a high likelihood of failure of adequate straightening with modeling, and this cylinder 
is no longer recommended for patients with PD. The other cases were believed caused 
by failure to fully complete the modeling technique. Persistent and aggressive modeling 
almost always obviates the need for additional corporoplasty. 

In the latter publication (27), there was a small, but statistically significant, difference 
in the 5-yr survival from revision for mechanical cause for the A M S cylinders when com- 
pared with the M entor cylinders, both with and without modeling (27). Cylinder failure 
was the usual cause of failure of the AMS device. Occasionally during modeling, we 
noted abrasion of the outer layer of silicone that caused staining of the inner fabric with 
blood. Thus, themodeling may abradethe outer layer of silicone, predisposing the cylinder 
to early failure. AM S addressed this problem in late 2000 with the addition of a Paralene 
coating to non-tissue-contacting surfaces of the cylinders (31). This coating increases the 
lubricity of the silicone surface, thereby reducing friction and wear. Paralene has been 
demonstrated in bench testing to add millions of stress cycles before detectable wear is 
measured (31). Since the addition of the Paralene coating, wehavenot noted early cylinder 
failure in the AM S device during modeling. 

The current experience of both of our centers for the last 5 yr gives support to the con- 
clusion that modeling the penis over an inflated penile prosthesis causes no increased 
risk of mechanical malfunction or reoperation when compared with patients who have 
prosthesis insertion without the modeling maneuver. 


PATIENT OUTCOMES AND SATISFACTION 


Although there are few series that adequately evaluated patient or partner satisfaction 
and long-term outcomes, there are several studies that suggested good patient and partner 
acceptance. M ontorsi et al. showed poor patient and partner satisfaction with the semi- 
rigid rod implants but far improved satisfaction in their center for patients implanted 
with AMS 700 CX penile prostheses for Peyronie's disease (16,32). In reviewing the 
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results of a multicenter study of the A M S 700 CX implants and comparing outcomes from 
patients with and without PD, Carson et al. showed equal success in both groups in 
mechanical function butsomewhat poorer satisfaction with the patients with PD because 
of penile size (33). Interestingly, no patientin the Peyronie’s group had penile glans hypo- 
esthesia. The satisfaction therefore appears to be reduced by the penile size restriction 
caused by the loss of penile compliance caused by PD itself. 


21. 


22. 
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